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PEEFACE 


TO   THE 


ENGLISH  TRANSLATION 


In  presentiDg  to  the  scientific  world  an  English  translation  of 
the  text-book  of  Chemistry  written  by  the  great  master  of  the 
Periodic  Law,  we  feel  that  no  apology  is  necessary,  for  it  was  in 
preparing  the  first  edition  of  this  book  that  the  author  was  led  to 
those  considerations  which  resulted  in  the  discovery  of  that  law, 
and,  moreover,  the  book  is  quite  unique  in  its  treatment  of  its 
subject. 

In  order  to  convey  as  nearly  and  clearly  as  possible  the  exact 
meaning  of  the  author,  it  has  been  our  endeavour  to  give,  as  far  as 
the  genius  of  the  two  languages  permits,  a  literal  rendering  of  the 
original  work.  Some  exception  may  no  doubt  be  taken  to  some  of 
the  sentences,  but  it  was  felt  on  the  whole  that  it  would  be  better 
to  have  some  inelegance  of  language  rather  than  to  risk  the  loss 
of  the  exact  shade  of  meaning  that  the  author  had  intended  to 
convey. 

We  have  not  considered  ourselves  at  liberty  to  make  any 
alterations  in  the  matter  of  the  work,  save  the  omission  of  two 
notes  referring  to  the  meaning  of  Russian  words,  and  of  some 
details  referring  to  the  waters  of  the  streams  near  St.  Petersburg, 
which  required  local  knowledge  to  be  of  any  utility.  It  has, 
however,  been  necessary  to  make  a  considerable  (?liange  in  the 
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illustrations,  as  electro-types  of  the  figures  in  the  original  could 
not  be  obtained. 

Since  the  publication  of  the  Russian  fifth  edition,  Professor 
Mendelt^flf  has  issued  some  appendices  to  the  work,  which  will  be 
f«)und  print<»d  at  the  end  of  Volume  II.  We  have  to  express  our 
thanks  to  the  Managers  of  the  Royal  Institution  for  permission  to 
reprint  the  lecture  delivered  at  the  Royal  Institution  by  Professor 
AlondeliVff  (Appendix  I.),  and  to  the  Council  of  the  Chemical 
SixJiety  for  permission  to  reprint  the  Faraday  lecture  which  forms 
Appendix  IL 

In  concluBion,  we  would  express  our  gratitude  to  Professor 
Kinoh  for  the  aid  so  kindly  given  in  revising  the  sheets  for 
the  press. 

G.  K. 

A.   el.   G. 


ATJTHOE'S   PEEFACE 

TO 

THE    FIFTH    EDITION 


This  work  was  written  during  the  years  1868-1870,  its  object 
being  to  acquaint  the  student  not  only  with  the  methods  of  ob- 
servation, the  experimental  facts,  and  the  laws  of  chemistry,  bat 
also  with  the  aspect  of  this  science  towards  the  invariable  sub- 
stance of  varying  matter.  If  the  fS^ts  themselves  include  the 
person  who  observes  them,  then  how  much  more  inevitable  is  the 
reflection  of  personality  in  giving  an  account  of  methods  and  of 
philosophical  speculations  ?  For  the  same  reason  there  will  inevi- 
tably be  much  that  is  subjective  in  every  objective  exposition  of 
science.  And  as  an  individual  production  is  only  significant  in 
virtue  of  that  which  has  preceded  and  which  surrounds  it,  so  it 
essentially  resembles  a  mirror  which  in  reflecting  exaggerates  the 
size  and  clearness  of  neighbouring  objects,  and  causes  a  person 
near  it  to  see  reflected  most  plainly  those  objects  which  are  on  the 
side  to  which  it  is  directed.  Although  I  have  endeavoured  to  make 
my  book  a  true  mirror  directed  towards  the  domains  of  chemical 
transformations,  yet  involuntarily  those  influences  near  to  me  have 
been  the  most  clearly  reflected,  the  most  brightly  illuminated, 
and  have  tinted  the  entire  work  with  their  colouring.  In  this 
way  the  chief  peculiarity  of  the  book  has  been  determineil.  Ex- 
perimental and  practical  data  occupy  their  place,  but  the  philo- 
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Bophic*al  principleg  of  our  science  form  the  chief  theme  of  the  work. 

Ill  formc'T  times  sciences,  like  bridges,  could  only  be  built  up  by 

Hup|X)rting  them  on  a  few  deep  abutments  and  long  girders.     In 

addition  to  the  exposition  of  the  principles  of  chemistry,  it  has 

Ik't'n  my  desire  to  show  how  science  has  now  been  built  up  like 

a  suspension  bridge,  supported  by  the  united  strength  of  a  number 

of  slender,  but  firmly-fixed,  threads,  which  individually  are  of 

little  strength,  and  has  thus  }x»en  carried  over  difficulties  which 

In^fore  appeared  impassable.     In  comparing  the  science  of  the  past, 

the  pn^sent,  and  the  future,  in  placing  the  particulars  of  its  re- 

striet^Ml  experiments  side  by  side  with  its  aspirations  for  unbounded 

and  infinite  truth,  and  in  restraining  myself  from  yielding  to  a  bias 

t4:)wards  following  the  most  attractive  representation,  I  have  en- 

deuvounnl  to  incite  in  the  reader  a  spirit  of  inquiry,  which,  unsatis- 

fieil  with  speculative  reasonings  alone,  should  subject  every  idea 

to  experiment,  excite  the  habit  of  stubborn  work,  necessitate  a 

knowU*dge  of  the  past,  and  a  search  for  fresh  threads  to  complete 

t  he  bridge  over  the  bottomless  unknown.     Experience  proves  that 

it.  is  ixmsible  by  this  means  to  avoid  two  equally  pernicious  extremes, 

-  the   Utopian — a  visionary  contemplation  which  proceeds  from  a 

iMirront  of  thought  only — and  the  realistic  stagnation   which  is 

i*ont4»ut  with  bare  facts.     In  sciences  like  chemistry,  which  treat 

of  ideas  as  well  as  of  the  substances  of  nature,  experience  demon- 

Htrates  at  every  step  that  the  work  of  the  past  has  availed  much, 

and  that  without  it  it  would  be  impossible  to  advance  '  into  the 

oet»un  of  the  unknown.'     Wo  are  compelled  to  value  their  history, 

to  oast  aside  classical  illusicms,  and  to  engage  in  a  work  which  not 

only  gives  mental  satisfaction  but  is  also  practically  useful.^ 

*  OhmniHtry,  liko  ovcry  oihar  miU*UiU9,  in  at  once  a  means  and  an  end.  It  is  a 
inttnt  of  iittaininf(  (u*rt4iln  pra(!Mf!iil>lti  nHpiraiionH.  Thus,  bj  its  assistance,  the 
obtabilnif  of  mattiT  in  iin  varloim  fonrni  U  ffU'JlltutiKl ;  it  shows  new  possibilities 
0f  availing  oursr I vuH  uf  iUt:  fnrt't'tt  of  uniurti,  \ut\\i'4iU\H  the  methods  of  preparing 
WiWy  nbttiuict^  iM)inU  out.  ttn'lr  pio|H'rii<'H,  <*tf!.  In  this  sense  chemistry  is 
€ittNl7€0DIKH*tiHi  with  th<i  w<ifk  of  ih<r  mumittu'iiiror  and  the  artisan,  its  sphere 
if  MlivtyMd  is  a  nii'iinH  nf  iftttui'itUtyf  iivnttrui  wnlfan;.  Besides  this  hononrable 
flh<MiiiHtry  Utin  liiuttUit.  WHh  il,  a*  with  livory  olhor  e1al>oratcd  science, 
'"■•*"  ''^fly  iiMpiratiffiia,  ilit;  <:</ni«iiiipl(itiori  of  which  servos  to  inspire  its 
wi^  *MM.    'I'hio  roiiU'iiJpluiioij  iVidipi'iM'ft  not  only  the  principal  data 
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Thus  the  desire  to  direct  those  thirsting  for  truth  to  the  pure 
source  of  the  science  of  the  forces  acting  throughout  nature  forms 

of  the  science,  but  also  the  generally-accepted  dedactions,  and  also  hypotheses, 
which  refer  to  phenomena  as  yet  but  imperfectly  known.  In  this  latter  sense 
scientific  contemplation  varies  much  with  times  and  persons,  it  bears  the  stamp 
of  creative  power,  and  comprehends  the  highest  branch  of  scientific  progress. 
In  that  pure  enjojrment  experienced  on  approaching  to  the  ideal,  in  that  eagerness 
to  draw  aside  the  veil  from  the  hidden  truth,  and  even  in  that  discord  which 
exists  between  the  various  workers,  we  ought  to  see  the  surest  pledges  of  further 
scientific  success.  Science  thus  advances,  discovering  new  truths,  and  at  the 
same  time  obtaining  practical  results.  The  edifice  of  science  not  only  requires 
material  but  also  a  plan,  and  necessitates  the  work  of  preparing  the  materials, 
putting  them  together,  working  out  the  plans  and  the  symmetrical  proportions 
of  the  various  parts.  To  conceive,  understand,  and  grasp  the  whole  symmetry  of 
the  scientific  edifice,  including  its  unfinished  portions,  is  equivalent  to  tasting, 
that  enjoyment  only  conveyed  by  the  highest  forms  of  beauty  and  truth.  Without 
the  material,  the  plan  alone  is  but  a  castle  in  the  air,  a  mere  possibility,  whilst 
the  material  without  a  plan  is  but  useless  matter ;  all  depends  on  the  concordance 
of  the  materials  with  the  plan  and  execution,  and  the  general  harmony  thereby 
attained.  In  the  work  of  science,  the  artisan,  architect,  and  creator  are  very 
often  one  and  the  same  individual,  but  sometimes,  as  in  other  walks  of  life, 
there  is  a  difference  between  them ;  sometimes  the  plan  is  preconceived,  some- 
times it  follows  the  preparation  and  accumulation  of  the  raw  material.  Free 
access  to  the  edifice  of  science  is  not  only  allowed  to  those  who  devised  the  plan, 
worked  out  the  detailed"  drawings,  prepared  the  materials,  or  piled  up  the  brick- 
work, but  also  to  aU  those  who  are  desirous  of  making  a  close  acquaintance  with 
the  plan,  and  wish  to  avoid  dwelling  in  the  vaults  or  in  the  garrets  where  the 
useless  lumber  is  stored. 

Knowing  how  contented,  free,  and  joyful  is  life  in  the  realms  of  science,  one 
fervently  wishes  that  many  would  enter  their  portals.  On  this  account  many 
pages  of  this  treatise  are  unwittingly  stamped  with  the  earnest  desire  that  the 
habits  of  chemical  contemplation  which  I  have  endeavoured  to  instil  into  the 
minds  of  my  readers  will  incite  them  to  the  further  study  of  science.  Science 
will  then  flourish  in  them  and  by  them,  on  a  fuller  acquaintance  not  only  with 
that  little  which  is  enclosed  within  the  narrow  limits  of  my  work,  but  with  the 
further  learning  which  they  must  imbibe  in  order  to  make  themselves  masters  of 
our  science  and  partakers  in  its  further  advancement. 

Those  who  enlist  in  the  cause  of  science  have  no  reason  to  fear  when  they 
remember  the  urgent  need  for  practical  workers  in  the  spheres  of  agriculture, 
arts,  and  manufacture.  By  summoning  adherents  to  the  work  of  theoretical 
chemistry,  I  am  confident  that  I  call  them  to  a  most  useful  labour,  to  the 
habit  of  dealing  correctly  with  nature  and  its  laws,  and  to  the  possibility  of 
becoming  truly  practical  men.  In  order  to  become  actual  chemists,  it  is 
necessary  for  beginners  to  be  well  and  closely  acquainted  with  three  impor- 
tant branches  of  chemistry — analytical,  organic,  and  theoretical.  That  part  of 
chemistry  which  is  dealt  with  in  this  treatise  is  only  the  groundwork  of  the  edifice. 
For  the  learning  and  development  of  chemistry  in  its  truest  and  fullest  sense, 
beginners  ought,  in  the  first  place,  to  turn  their  attention  to  the  practical  work  of 
analytical  chemistry;  in  the  second  place,  to  practical  and  theoretical  acquaint- 
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the  first  and  most  important  aim  of  this  book.  The  time  has  ar- 
rived when  a  knowledge  of  physics  and  chemistry  forms  as  im- 
portant a  part  of  education  as  that  of  the  classics  did  two  centuries 
ago.  In  those  days  the  nations  which  excelled  in  classical  learning 
stood  foremost,  just  as  now  the  most  advanced  are  those  which  are 
superior  in  the  knowledge  of  the  natural  sciences.  I  also  wished 
to  show  in  an  elementary  treatise  on  chemistry  the  palpable  ad- 
vantages gained  by  the  application  of  the  periodic  law,  which  I  first 
saw  in  its  entirety  in  the  year  1869  when  I  was  engaged  in  writing 
the  first  edition  of  this  book,  in  which,  indeed,  the  law  was  first 
enunciated.  Then,  however,  this  law  was  not  established  so  firmly 
as  now,  when  so  many  of  its  consequences  have  been  verified  by 
the  researches  of  numerous  chemists,  and  especially  by  Roscoe, 
Lecoq  de  Boisbaudran,  Nilson,  Brauner,  Thorpe,  Camelley,  Laurie, 
Winkler,  and  others.  As  the  entire  scheme  of  this  work^  is  sub- 
jected to  the  law  of  periodicity,  which  may  be  illustrated  in  i^ 


ance  with  some  special  chemical  question,  stadying  the  original  treatises  of  the 
investigators  of  the  subject  (at  first,  under  the  direction  <3f  experienced  teachers), 
because  in  working  out  particular  facts  the  faculty  of  judgment  and  of  correct 
criticism  becomes  sharpened ;  in  the  third  place,  to  a  knowledge  of  current  scien- 
tiHc  questions  through  the  special  chemical  journals  and  papers,  and  by  inter- 
course with  other  chemists.  The  time  has  come  to  turn  aside  from  visionary 
contemplation,  from  platonic  aspirations,  and  from  classical  verbosity,  and  to 
enter  the  regions  of  actual  labour  for  the  common  weal,  and  to  prove  that  the 
study  of  science  is  not  only  an  excellent  education  for  youth,  but  that  it  instils 
the  virtues  of  labour  and  truth,  and  creates  solid  national  wealth,  material  and 
mental,  which  without  it  would  be  unattainable.  Science,  which  deals  with  the 
infinite,  is  itself  without  bounds. 

*  I  recommend  those  who  are  commencing  to  study  chemistry  with  my  book 
tofirtt  learn  only  wJuU  is  printed  in  tfte  large  type^  because  in  that  part  I  have  en- 
deavoured to  concentrate  all  the  fundamental,  indispensable  knowledge  required 
for  the  study  of  chemistry.  In  the  footnotes,  printed  in  small  type  (which  I  advise 
being  read  only  after  the  large  text  has  been  mastered),  certain  details  are  dis- 
cussed ;  they  are  either  further  examples,  or  debatable  questions  on  existing  ideas 
which  I  thought  indispensable  to  lay  before  those  entering  into  the  sphere  of 
science,  or  certain  historical  and  technical  details  which  might  be  withdrawn 
from  the  fundamental  portion  of  the  book.  Without  intending  to  attain  in  my 
treatise  to  the  completeness  of  a  work  of  reference,  I  have  still  endeavoured 
to  express  the  principal  developments  of  science  as  they  concern  the  chemical 
elements  viewed  in  that  aspect  in  which  they  appeared  to  me  after  long  con- 
tinued study  of  the  subject  and  participation  in  the  contemporary  advance  of 
knowledge. 
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tf^bnlar   form   by  placing  the   elements   in   series,   groups,    and 
periods,  two  sncli  tables  are  given  at  the  end  of  this  preface. 

In  this  fiflh  edition  I  have  not  altered  any  essential  feature  of 
the  original  work,  but  have  enlarged  it  in  two  directions.  First, 
the  doctrine  of  chemical  equilibria,  originally  introduced  by 
Berthollet  and  Henri  Sainte-Claire  Deville,  is  discussed  more 
fully  and  minutely  than  in  the  earlier  editions,  as  it  has  during 
recent  years  been  established  on  a  much  firmer  footing;  and, 
second,  the  descriptive  data  referring  to  the  elements  have  been 
increased  by  many  new  facts. 

1).  MENDELEEFF. 
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INTRODUCTION 
Chemistry  is  concerned  with  the  study  ^  of  the  homogeneous  substances 

1  The  investigation  of  a  Bubstauce  or  phenomenon  of  nature  consists  (a)  in  determin- 
ing the  relation  of  the  thing  under  investigation  to  that  which  is  already  known,  either 
from  former  studies,  or  from  experiment,  or  from  the  consciousness  of  the  common  sur- 
roundings of  life — that  is,  in  determining  and  expressing  the  quality  of  the  unknown  by 
the  aid  of  that  which  is  known ;  (b)  in  measuring  all  that  which  can  be  subjected  to 
measurement,  and  thereby  denoting  the  quantitative  relation  of  that  under  investigation 
to  that  alre£idy  known  and  its  relation  to  the  categories  of  time,  space,  temperature, 
mass,  &c. ;  (c)  in  determining  the  position  held  by  the  thing  under  investigation  in  the 
system  of  the  things  known,  guided  by  both  qualitative  and  quantitative  data ;  (d)  in 
finding,  from  the  quantities  which  liave  been  measured,  the  empirical  (visible)  depen- 
dence (function,  or  '  law,'  as  it  is  sometimes  termed)  of  variable  factors — for  instance,  the 
dependence  of  the  composition  of  the  substance  on  its  properties,  of  temperature  on 
time,  of  time  on  locaUty,  &c. ;  (e)  in  framing  hj'xratheses  or  propositions  as  to  the  actual 
cause  and  true  nature  of  the  relation  between  that  studied  (measured  or  observed)  and 
that  which  is  known  or  the  categories  of  time,  space,  &c. ;  (/)  in  verifying  the  logical 
consequences  of  the  hypotheses  by  experiment ;  and  ig)  in  advancing  a  theory  which 
shall  account  for  the  nature  of  the  properties  of  that  studied  in  its  relations  with  things 
already  known  and  with  those  conditions  or  categories  among  which  it  exists.  It  is 
certain  that  it  is  only  possible  to  thus  study,  when  we  have  taken  as  a  basis  some  incon- 
testable fact  which  is  self-evident  to  our  understanding ;  as,  for  instance,  number,  time, 
space,  movement,  or  mass.  The  determination  of  such  primary  or  fundamental  concep- 
tions (categories),  although  not  excluded  from  the  possibility  of  investigation,  frequently 
does  not  subject  itself  to  our  present  mode  of  scientific  generalisation.  Hence  it  follows 
in  the  investigation  of  anything,  there  always  remains  something  which  is  recognised 
without  investigation,  or  admitted  as  a  known  factor.  The  axioms  of  geometry  may  be 
taken  as  an  example.  Thus  in  the  science  of  biology  it  is  necessary  to  admit  the  faculty 
of  organisms  for  multiplying  themselves,  as  a  conception  whose  meaning  is  yet  unknown. 
Thus  in  the  study  of  chemistry  the  notion  of  elements  must  be  recognised  without 
hardly  any  further  analysis.  However,  by  first  investigating  that  which  is  visible  and 
subject  to  direct  obsenation  by  the  organs  of  the  senses,  we  may  hope  that,  first, 
hypotheses  will  be  arrived  at,  and  afterwards  theories  of  that  which  has  now  to  be  placed 
at  the  basis  of  our  investigations.  The  minds  of  the  ancients  strove  to  at  once  seize  the 
Tery  fundamental  categories  of  investigation,  whilst  all  the  successes  of  recent  know- 
ledge are  based  on  the  above-cited  method  of  investigation  without  the  determination  of 
*  the  beginning  of  all  beginnings.'    By  following  tliis  inductive  method,  the  exact  sciences 
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f*T  inf»t**rinl  *  r>f  wlui-li  all  thet  ohjftotij  of  the  universe  are  niade  up,  with 
fJio  frnn«!fr>rmnfioTi«  of  th«ie  subfttances  into  each  other,  and  with  the 
phoTifiTnotm  '  which  aocAmpany  such  tranaformationa.     Everv  chemical 

l>:ivi'  itin-'iflv  *Mfr#»#»«1#»f1  in  l»#*rominir  *rqnAint«d  with  certainty  with  much  of  th«  invi- 
-■i>.li.  ivi.r^fl.  rtOiH-h  i1ifo*'Hv  »*«  imp^rc^tihU  to  th*  or^n!i  of  i4«n<«e  for  example,  the  m«)Ie- 
<«ii1ir  mi.vniniMit  of  rtll  »»odi^*,  t\w  romfirmition  of  the  heavenly  laminarien.  the  path«  of 
Miiif  i«i.v»*mfnt.  t1i»*  nnr#«"wity  for  thfr  eTti54t*rnc-e  of  «nb«tanceif  which  cannot  be  subjected 
ffi  i«<|iiTiniftif .  ,V>'  ;.  iiiiH  Imv#i  \-*»rirt<»rl  th**  knowledge  tha«  obtained,  and  employed  it  for 
iiiiTivif  M'kT  t»i"  in  tor*»'«N  of  hnmiin  life ;  and  therefore  it  may  be  safely  said  that  the  imiuc- 

t n.tfh...t  ,.f  ittv/^^fiqnfinn  m  *  more  perfe<:t  mrjde  of  acquiring  knowledge  than  the 

ili-hiifivi'  niotlif^l  iilo»i*t  •(t-Hfting  from  a  little  of  the  unknown  accepted  aH  incontei»table 
til  ftrrivn  tit  tbn  riinrh  which  \*  visible  and  observable'  by  which  the  ancientd  strove  to 
•Miihrrtiv  tlir  nTtiv^^r^r  Fty  inveMtigating  the  aniverife  by  an  inductive  method  lendeavoar- 
ifiif  Front  tho  rimrh  whirh  in  ol'»<«ervabIe  to  arrive  at  a  little  which  may  be  verified  and 
14  iiiilnlMtrtblo)  til''  nfsv  xrienre  refni«ei«  to  re<:ogniAe  dr^nna  an  truth,  bat  thmngh  rea^un^ 
l>v  1  «]'<w  finrl   lulwrionx  methorl  of  inventigation,  ntrive*  for  and  attains  to  trae  de- 

'  \  «Ti>i4trtm'P  or  mrtt^rinl  it  tlmt  which  occapie**  npace  and  hait  weight.  That  ii», 
tvhti'h  yTomg*i\\*  n  mi««(«  wlii^h  in  Attriu'ted  by  the  earth  and  by  other  mawef  of  material, 
nftrl  nf  whtfh  th^  fhfrt  N  of  imtur*-  Aff  rfimpofted,  and  through  which  the  movements  and 
fJtrtn'tnt  fitt  nf  iii«tiir«>  iire  i«#roin(>1iHlied.  It  i«i  eany  to  find  out  by  examining  and 
ini'nattifrtttiig,  br  vMfifni^  inetlKwlH,  the  objectH  met  with  in  nature  and  in  the  arts,  that 
cninit  rif  tliofii  firf  honK»geii«'«>n«.  whilM  othern  are  conifKised  of  a  mixture  of  several 
hiiMfnfr>n<Miii<>  «Ti>i«trtnf  ««■.  Tliin  i<*  moHt  clearly  neen  in  Holid  flub^tanceft.  The  metals 
ti«r(l  ill  tliM  nrt«  ^for  fxaiiifilf,  gold,  iron,  cop|M*r»  nhould  \)e  ditttinguiHhed  for  their 
h<iin(i|*(<iMMtv.  '•tb('rwi<««>  thov  htc  brittle  and  unfit  for  many  UHe»).  Homogeneous  matter 
^vliilitti  aifdilnr  pr<i|>«<rlif*B  in  nil  iti*  iwrts.  Hy  breaking  np  a  luimogeneouH  Hubntance  we 
clifni?!  jinrt*  trJiK  b.  nlthoiigli  iHfTiT»'nt  in  ff»nn,  r«*«M>mble  each  other  in  their  properties. 
t}|n««.  the  b«'«f  r|iii<liti«'«  of  niigiir,  iiiiirbic,  A'r.,  nrc  «'xnnipl«>H  of  homogeneous  substances. 
Miif  ('Tnti«|<lf><i  of  noTi  li/MnogrnmiiH  HulniUinc'eH  lire  niurh  more  frequent  in  nature  and  the 
nrt«  Tltiifl  fhi'  ifiHJoTity  of  the  nn-kH  ar«'  not  honifigeni'ouH.  In  i>orphyrie«  bright  pieces 
iif  n  iiimiithI  <«mII*»*1  'ortli«H"lHiM'  *  are  oft*»n  ***>i'U  ntrewn  aniongst  the  dark  mass  of  the  rock, 
frt  iiirfitiniv  rt^\  granit-o  it  i«  eimy  Ut  (liotinguiHli  large  pieces  of  orthoclase  mixed  with 
ilnrk  <i(*ifn  tiiiiiflfqireMt  f|UMrir  iind  flexible  laniinff«  of  mica.  Nor  are  plants  and  animals 
liitnti>i;(>iiMHm  Tltn«  l««nve«  are  r<»ni|NHi«Ml  of  a  Hkin,  flbns]iulp,  sap,  and  a  green  colouring 
tnntli'f  Ttti-i  ti  clenrlv  mhmi  by  exiiniining  nmler  a  niirr(Hi<'<»)H«  a  thin  slice  cut  off  a  leaf. 
A"  nfi  fT)Miipl<>  of  ()iii«n  non-honidgfMHMinn  nubatanreH  wliirh  art*  prcnluced  artificially, 
flUMpi'tvilor  iMrtT  be  i'i1«Hl,  wliirh  i«  pn>])rtr«Ml  by  mixing  tog(«ther  known  proportions  of 
•inlpbni.  nitre,  iintl  t'liHit'itsl.  !^lany  lii|ui(1ii,  hI«o.  an*  imt  lioinogent'ouH,  an  may  l)e observed 
bT  tl"'  n««l  of  the  niiiM»»m'ope.  when  ilfopA  of  bl<««Hl  are  mH«ii  U'*  consist  of  a  colourless 
lit|tf><1  ••*  whitb  riMl  (Hir|iu«iMtli>a,  tnvi«ible  to  lite  nskiMl  oye  owing  to  their  small  size,  are 
flontiiti:  nbiMft.  It  i«  theai'  i'f>rpn«rule«wliieli  ijive  bliHtil  it*  peculiar  colour.  Milk  is  also 
n  ltiin«p'*^'*''*t  liqiiiil.  in  wbii-b  inirroiiiHi|itral  <1ri«)i4iif  fat  nrii  floating,  ami  which  rise  to  the 
h»p  iiIh'"  milk  {•!  Ii'ft  rtt  ii»»l,  fi'tniiiiK  en«Hin.  When  the  fat  is  lH>aten  up  (churned)  the 
i»epH'i»t«'  ilM«|m  i-iilbM>t  int»»  "oe  inH«««  It  »•«  po«»«ible  to  extract  from  every  non- 
h«itin«K»""'''"*'  "MbMtrtnri'  llin«i'  hMini»ueinMMiM  •«nb"tiini»i»*  of  whii'h  it  in  made  up.  Thus 
tiitliiMl»i4i>  nmv  be  ■»«|Hiin(tMl  (min  |M«tpli\iy  bv  bieiiking  it  i»fT.  So  alHi>  gold  is  extracted 
frtMu  Ki'hl  bertPMu  winul  bv  ws«lilni;  nwMv  the  niixtnre  of  I'lay  nnil  •Minil.  Chemistry  deals 
i«i)U  wilh  tbi>  hiMni>|i|>tM>(Mi<«  wnb»«tnftr«'«  nn-t  «ith  in  nstuiv.  or  e\trrtct«Hl  fn>ni  natural  or 
avtiib-Mil  iton  bitini«t!<'niMMi>i  uttbuttioMv  TIip  \iM-ion«  n«ixt«iv«  found  in  naturt*  form  the 
•nbii'i-l*  f'  otbi'i   niitiiifil  BiiiMU'r«»     mi  ui'ni!nn«»v.  biilnnv.  rooloKV.  anatomv.  iVo. 

\n  tbiwr  rii>n(u  wlnih  miii  iii>i>iioi|i|i«tbi'i1  by  Hnb*trtnre«»  in  ti»ni\  ar**  tornunl  *pheno- 
»^\i'»»'»  rb»<t«oniiM«i«  in  tlii'i»»Bi<1t  p*  fmin  the  finn|tMni*ntii1  «ubiei»t  of  the  htutiv  of  phvMcs. 
|ft<>\iMn«*«<t  U  tbr  pn»nriM  «nil  t»in«l  cimo'ImIU  nt»ib«r«ito«Ml  fiMin  of  pbenomeutMi, and  there- 

"^^  en«b»rtvoni  to  feimiMinboiil  ntlwr  phiMtoinenrt  iin  riearh  n*  \«  hen^lealing  with  move- 
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chan^  or  reaction,^  as  it  is  called,  can  only  take  place  under  a  condi- 
tion of  most  intimate  and  close  contact  of  the  reacting  substances,*^  and 
is  determined  by  the  forces  proper  to  the  smallest  invisible  particles 
(molecules)  of  matter.  We  must  distinguish  three  chief  classes  of 
chemical  transformations. 

1.  Combination  is  a  reaction  in  which  the  union  of  two  substances 
yields  a  new  one,  or  in  general  terms,  from  a  given  number  of  sub- 
stances a  lesser  number  is  produced.  Thus,  by  heating  a  mixture  of 
iron  and  sulphur^  a  single  new  substance  is  produced,  iron  sulphide,  in 
which  the  constituent  substances  cannot  be  distinguished  even  by  the 
highest  magnifying  power.  Before  the  reaction,  the  iron  could  be 
separated  from  the  mixture  by  a  magnet,  and  the  sulphur  by  dissolving 
it  in  certain  oily  liquids  ;  ^  in  general,  before  combination  they  might 
be  mechanically  separated  from  each  other,  but  after  combination  both 
substances  penetrate  into  each  other,  and  are  then  neither  mechanically 
separable  nor  individually  distinguishable.  As  a  rule,  reactions  of 
direct  combination  are  accompanied  by  an  evolution  of  heat,  and  the 
common  case  of  combustion,  evolving  heat,  consists  in  the  combination 
of  combustible  substances  with  a  portion  (oxygen)  of  the  atmosphere, 

ment.  Therefore,  mechanics,  which  treats  of  movement,  forms  the  fundamental  science 
of  natural  philosophy,  and  all  other  sciences  endeavour  to  reduce  the  phenomena  with 
which  they  are  concerned  to  mechanical  principles.  Astronomy  was  the  first  to  take 
to  this  path  of  reasoning,  and  succeeded  in  many  cases  in  reducing  astronomical  to 
purely  mechanical  phenomena.  Chemistry  and  physics,  physiology  and  biology  are 
proceeding  in  the  same  direction. 

^  The  verb  '  to  react '  means  to  act  or  change  chemically. 

^  If  a  phenomenon  proceeds  at  visible  or  measurable  distances  (as,  for  instance, 
magnetic  attraction  or  gravity)  it  cannot  be  ascribed  to  chemical  phenomena,  which  are 
only  accomplished  at  distances  immeasurably  small  and  undistinguishable  to  the  eye  or 
the  miorofloope ;  that  is  to  say,  which  belong  to  the  number  of  purely  molecular  pheno- 
mena. When  a  change  of  material  is  accomplished  within  a  substivnce  without  visible 
motion  or  the  interference  of  foreign  matters  (for  instance,  when  new  wine  *  ages '  by 
keeping,  and  acquires  a  peculiar  aroma),  it  may  be  classed  as  a  chemical  phenomenon ;  but 
the  ordinary  cases  of  chemical  reaction  are  accomplif^hed  by  the  mutual  action  of  different 
substances  which,  previously  free,  on  reaction  mutually  permeate  each  other. 

^  For  this  purpose  a  piece  of  iron  may  be  made  red  hot  in  a  smith's  furnace,  and  then 
placed  in  contact  with  a  lump  of  sulphur,  when  iron  sulphide  will  be  obtained  as  a 
molten  liquid,  the  combination  being  accompanied  by  a  visible  increase  in  the  glow  of 
the  iron.  Or  else  iron  filings  are  mixed  with  powdered  sulphur  in  the  proportion  of 
6  parts  of  iron  to  8  parts  of  sulphur,  and  the  mixture  placed  in  a  glass  tube,  which  is 
then  partiaUy  heated.  Combination  does  not  commence  without  the  aid  of  external 
heat,  but  when  once  started  in  any  portion  of  the  mixture  it  extends  throughout  the 
entire  mass,  because  the  portion  first  heated  evolves  sufficient  heat  in  forming  iron 
sulphide  to  raise  the  adjacent  parts  of  the  mixture  to  the  temperature  required  for 
starting  the  reaction.  The  rise  in  temperature  thus  obtained  is  so  high  as  to  soften  the 
glass  tube. 

7  Sulphur  is  slightly  soluble  in  many  thin  oils ;  it  is  very  Holuble  in  carbon  bisulphide 
and  in  some  other  liquids.  Iron  is  insoluble  in  carbon  bisulphide,  and  therefore  the 
sulphur  can  be  dissolved  away  from  the  iron. 

B  2 
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the  gases  and  I'apours  coutainefl  in  the  smoke  being  the  jiroducts  of 
combination. 

1.  Reaction.s  of  rferoin/ioiitioii  are  cases  the  reveiiie  t-o  those  of 
combination,  that  is,  in  which  one  substance  gives  two—  or,  in  general,  a 
given  number  of  auhatimces  a  greater  number.  Thus,  by  heating  wood 
(and  also  coal  anil  niauj'  animal  or  vegetable  substances)  without  access 
to  air,  a  coinbtistilile  gas,  a  watery  liquid,  tar,  and  earbun  are  obtained. 
It  is  in  this  way  that  tar,  lighting  gas,  and  charcoal  are  prepai-ed  on  a 
large  scale."  Alt  limestones,  for  example,  flagstones,  chalk,  or  marble, 
are  decomposed  by  heating  to  redness  into  iime  and  a  peculiar  gaa 
called  carlxjnic  anhydride.  A  simiiar  decomposition,  taking  place, 
however,  at  a  much  lower  temperature,  proceeds  with  the  green  copper 
carbonate  which  enters  into  the  composition  of  malachite.  This  ex- 
ample will  be  studied  more  in  detail  presently,  Wliilst  heat  is  evolved 
in  the  ordinary  reactions  of  combination,  it  is,  on  the  cimtrary,  con- 
sumed in  the  reactions  of  decomposition. 

3.  Tlie  third  class  of  chemical  reactions — where  the  number  of  acting 
substances  is  equal  to  the  number  of  substances  formed— consists,  as  it 
were,  of  an  association  of  decomposition  and  combination.  If,  for 
instance,  two  compountls  A  and  B  are  taken  and  they  react  on  each 
other  to  form  the  substances  C  and  D,  then  supposing  that  A  is  de- 
composed int-o  D  and  E,  and  that  E  conibines  with  B  to  form  C,  we 
have  a  i-eaction  in  which  two  substances  A,  or  D  E,  and  B  were  taken 
and  two  others  C,  or  E  B,  and  D  were  pi-oduced.  Such  reactions  ought 
to  be  placed  under  the  general  term  of  reactions  of  '  rearrangement,' 
and  the  particular  case  where  two  sul>stances  give  two  fresh  ones, 
reactions  of  '  »nbeCi!iiliiJii.' ''  Thus,  if  a  piece  of  iron  be  immersed  in  a 
solution  of  blue  vitriol  (copper  sulphate),  copper  is  formed — or,  rather, 


■  Devompositian  of  tliis  hind  ia  Cenned  'dry  dintillation'  IwuDae,  u  io  diBtillaticiii, 
the  Bubatuice  U  heated  and  vnpoars  are  given  oS  which,  on  cDoling,  condense  into 
liquids.  In  general,  decomponicion,  in  ubiiorbing  heat,  presentB  mach  in  coniuum  Is  « 
phreical  change  of  state — auch  u,  (or  example,  that  oF  ■  liquid  into  a  gvi.  Derilla 
likened  complete  decompoaition  to  boiling,  and  Donipared  paiiial  decomposition,  when  a 
portion  of  a  aubatance  is  not  deoompoaed  in  the  presence  of  its  products  oF  decompoaition 
(or  diiWDi'istion),  to  evaporation. 

onlyi  that  i«  to  »ay,  u  »ub»banee  mnj  by  itaelf  change  into  a  new  isomeric  fonn.  Thua, 
tot  example,  if  hard  yellow  aulphur  be  heated  to  a  temperature  oF  3S<P  and  then  pouced 
into  cold  water  it  given,  on  cooling,  n  aoft,  brown  variety.  Ordinary  phoaphorua,  which 
is  tranaporent.  poisououa,  and  phoaphoreaceut  in  the  dark  {in  air),  gives,  after  being 
heated  at  STtP  (in  on  atmoapheto  incapable  of  aupporting  combustion,  sucb  aa  elflam),  an 
opaque,  ted,  and  non-poisonoua  isomeric  variety,  which  ia  not  phosphorescent,  Casea  of 
iaomeriam  point  out  the  posaibility  of  an  internal  reutrnngement  in  a  aabatanoe.  and  are 
thereeult  of  an  alterution  in  the  grouping  of  the  aame  elements.juat  aaauerttun  number 
of  balls  may  be  grouped  in  figures  uid  forma  of  difFerent  sliapes  and  of  various  propertiea. 


INTRODl'CTION  5 

separated  out,  and  green  \4tnol  (iron  sulphate,  which  only  differs  from 
the  blue  vitriol  in  that  the  iron  has  replaced  the  cjpper)  is  obtained  in 
^  solution.    In  this  manner  iron  may  be  coated  with  copper,  so  also  copper 
Vith  Bilver  ;  such  reactions  are  frequently  made  u:ie  uf  in  practice. 
The  majority  of  the  chemical  changes  accomplished  in  nature  and 
e  arts  are  very  complicated,  as  they  consist  of  an  association  of  many 
mrate  and  simultaneous  combinations,  decoin positions,  and  replace- 
In  this  natural  complexity  of  chemical  phenomena  is  diacnvered 
fl  chief  reason  why  for  so  many  centuries  chemistry  did  not  exist  as 
a  exact  science  ;  that  is  to  say,  that  although  many  chemical  changes 
e  known  and  made  use  of,'"  yet  their  real  nature  was  unknown,  nor 
could  ihey  be  foreseen  or  dii'ected  at  will.     Another  reason  for  the 
tardy  progiess  of  chemical  knowledge  is  the  participation  of  gaseous 
substances,  especially  air,  in  many  reactions.     The  true  comprehension 
of  air  as  a  ponderable  substance,  and  of  gases  iu  general  as  peculiar  elastic 
.  dispersive  states  of  matter,  was  only  arrived  nt  in  the  sixteenth  and 
Sventeenth  centuries,  and  it  was  only  after  this  tjiat  tlie  transformations 
iubstances  could  form  a  science.      Up  to  that  time,  without  under- 
standing the  invisible  and  yet  ponderable  gaseous  and  vaporous  states 
of  substances,  it  was  impossible  to  form  any  funihtmental  chemical 
evidence,  because  gases  escafJed  from  notice  between  the  acting  and 
Hiesaltant  substances.    It  is  easy  from  the  impression  conveyeil  to  us  by 
^tabe  phenomena  we  obsei've  to  fonn  the  opinion  that  matter  is  created 
^Pbtd  destroyed  :  a  whole  mass  of  trees  burn,  and  there  only  remains  a 
^littls  charcoal  and  ash,  whilst  from  one  small  seed  there  grows  little 
by  little  a  majestic  tree.    In  one  case  matter  seems  to  be  destroyed,  and 
in  the  otlier  to  be  created.     This  conclusion  is  arrived  at  because  the 
^Jormation  or  consumption  of  gases,  being  under  the  circumstances 
bvisible  to  the  eye,  is  nut  noted.     When  wood  burns  it  undergoes  a 
oical  chan;.'e  into  gaseous  products,  which  escape  as  smoke.   A  very 
mple  experiment  will  prove  this.     By  collectmg  the  smoke  it  may  be 
jrved  that  it  contains  gases  which  differ  entirely  from  air,  being 
mpable  of  supporting  couibustiim  or  respiration.     These  gases  may 
eighed,  anil  it  will  then  be  seen  that  their  weight  exceeds  that  of 
B  wood  taken.     This  increase  in  weight  arises  from  the  fact  that,  in 
tting,  the  component  parts  of  the  wood  combine  with  a  portion  of 
;  in  like  manner  iron  increases  in  weight  by  rusting.     In  burn- 
ing gunpowder  its  substance  is  not  destroyed,  but  only  converted  into 
gases  and  smoke.     So  also  in  the  growth  of  a  tree  ;   the  seed  does  not 
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increane  in  masH  of  it«elf  luid  f  rcmi  itseH  bat  it  grows  because  it  absorbs 
gases  from  the  atmoKphere  and  sucks  water  and  sabstanoes  dissolved 
therein  frrini  the  earth  through  its  roots.  The  ssp  and  solid  sabstanoes 
which  give  plants  their  form  are  pn«liiced  from  these  absorbed  gases 
and  liquids  by  complicated  chemical  fwtKnssea.  The  gases  and  liquids 
are  converted  into  iM>lid  substances  bv  tbe  plants  tlwiiisdvea.  Plants 
not  only  do  not  increase  in  sise^  but  die,  in  a  gas  wfaidi  does  not  contain 
the  ctinstituents  of  air.  When  mi«$t  substances  dir  tbej  decrease  in 
weight ;  when  water  e\'api»rates  we  know  tbat  it  does  not  disappear, 
but  will  return  from  the  auno^^re  as  rain,  dew,  an<l  snow.  When 
water  is  absfirbed  by  the  earth,  it  di^es  not  disappear  there  for  ever,  but 
accumulates  stimewhere  underground,  frcun  whence  it  afterwards  flows 
forth  as  a  spring.  Thus  matter  di«e&  not  disi^ipear  and  is  not  created, 
but  only  undergoes  viinoub  physical  and  chemical  transformations — that 
is  to  say,  changes  its  loi*ality  and  ficm.  Matter  remains  on  the  earth 
in  tlie  same  quantity  as  Wfore  ;  in  a  word  it  is,  as  far  as  we  are  con- 
cerned, everlasting.  It  wa.>  difficult  to  submit  this  simple  and  primaiy 
truth  of  chemistry  to  inve^tipition.  but  when  once  made  clear  it  n^adly 
sju-ead,  and  now  seems  a.N  natural  and  simple  as  many  truths  which 
have  been  acknuwledt^tMi  fiir  agv&.  Mariotte  and  i^er  savants  of  the 
seventeenth  century  already  su*j»ei.ted  the  existence  of  the  law  trf  the 
indestructibility  of  matter,  but  they  made  no  efforts  to  expi>e!ss  it  or  to 
apply  it  to  the  ends  of  Niit* net* .  Thr  exj^riments  by  means  of  which 
this  simple  law  was  arri\tMl  at  w^rt-  uiadr  aurina:  the  latter  half  <rf  the 
last  centurj'  by  the  founder  of  contemporary  chemistry,  Latoisisb,  the 
French  Academicisu  and  mayor.  The  numen.»ns  experiments  <rf  tins 
jiavant  w«?re  cwiduct^id  with  the  aid  of  the  balance,  which  is  the  only 
means  of  din^.-tJy  and  aciurateJy  determinini:  the  quantity  of  matter. 

l^\oWiitr  ff>uxA(J.  by  ^-^i^hina:  all  the  sul^tauces.  and  even  the 
apparatus.  u*wj  in  •rv*-?  y  experinjent.  and  then  weirfiing  the  substances 
fjktfjiuttrfi  jd^MT  tljT  <.-jji»»u:i<;*.  viian;?^.  that  the  sum  of  the  weights  of  the 
«ii>/«^tai«/>r^  i/jru^  waft  *Jw*\^  «^|ual  to  the  sum  of  the  weights  erf  the 
»i4f^^-a/j/->*  »iMC>*i  .'M.  jjL  *Azj^rr  w*>rrl«  :  Mattek  is  not  created  axd 
t,f,$M  -i'/f  iA^k.yy%rit..  '^  *.:*Af.,  Muin^r  im  ^rrrfKUttitut.  This  expression 
t*A,t*ttA^.f  ,i^',/'„^r»  -^  i^yy^^t,*^^,  f/tit  tfQf  only  aim  in  using  it  is  to  con- 
*^:\9^\y  ^f^*r^  'i^  ?>^./^*,/.jr  ^t^'^Uy  iMrri^jd — That  in  all  experiments. 
Hf^t  ,/.  4*,  't^  .!?» »"**>, j/^^^/t  '^ftt^^f^mrtiH,  *4  tiature.  it  has  never  been 
f^itm^f  f*cf;  'uuf.  '^^  *r^*^ut  */l  'I**'  «i r Atan'.'ie>  formed  was  less  or  greater 
/^  fA4>  *A  4> >■►--*/■/  '^  ^^''i^tku^  f^t-rntif^f  ttuktk  the  weight  of  the  sub- 
4fjt,(^-jrx.  '/*»•,./.'.•«♦./    ^^^0^    .,/»/!  4jh    •mt-i'j^ii   hi  pnf|><>rtional  to  mass*'  or 

♦•^*  Am.^    /  •*.#.  .——    y  „mt*^*  m*m  T.*i*,  Mt.a^^i  .:*t/j^ti  «xmrt  fcTm  bj  Galileo  idicd 
|#J4I,   4*..t  w^^  **.^y:^uv  ,,,  J^^*^^   ^^n  \M^,  4^i  17if7;,iii  th«  gWrioos  epoch  of  tbe 
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quantity  of  matter,  it  follows  that  no  one  has  ever  succeeded  in  observ- 
ing a  disappearance  of  matter  or  its  appearance  in  fresh  quantities. 
The  law  of  the  indestructibility  of  matter  endows  all  chemical  investi- 
gations with  exactitude,  as,  on  its  basis,  an  equation  may  be  formed  for 
every  chemical  reaction.  If  in  any  reaction  the  weights  of  the  sub- 
stances taken  be  designated  by  the  letters  A,  B,  C,  &c.,  and  the 
weights  of  the  substances  formed  by  the  letters  M,  N,  O,  *kc.,  then 

A  4-  B  4-  C  +    =  M   +  N   4-  O  4-    

Therefore,  should  the  weight  of  one  of  the  acting  or  resultant  sub- 
stances be  unknown,  it  may  be  determined  by  solving  the  equation. 
The  chemist,  in  applying  the  law  of  the  indestructibility  of  matter, 
must  never  lose  sight  of  any  one  of  the  acting  or  resultant  substances. 
Should  such  an  oversight  be  made,  it  will  at  once  be  remarked  from 
the  sum  of  the  weights  of  the  substances  taken  being  unequal  to  the 
sum  of  the  weights  of  the  substances  formed.  All  the  progress  made 
by  chemistry  during  the  end  of  the  last,  and  in  the  present,  century  is 
entirely  and  immovably  founded  on  the  law  of  the  indestructibility  of 
matter.  It  is  absolutely  necessary  in  beginning  the  study  of  chemistry 
to  become  familiar  with  the  simple  truth  which  is  expressed  by  this 
law,  and  for  this  purpose  several  examples  elucidating  its  application 
will  now  be  cited. 

1.  It  is  well  known  that  iron  rusts  in  damp  air,*'^  and  that  when 
heated  to  redness  in  air  it  becomes  coated  with  scoria  (oxide),  having, 
like  rust,  the  appearance  of  an  earthy  substance  resembling  some  of  the 
iron  ores  from  which  metallic  iron  is  extracted.  If  the  iron  is  weighed 
before  and  after  the  formation  of  the  scoria  or  rust,  it  will  be  found 
that  the  metal  has  increased  in  weight  during  the  operation.**     It 

development  of  the  principles  of  inductive  reasoning  enunciated  by  Bacon  and  Descartes 
in  their  philosophical  treatises.  Shortly  after  the  death  of  Newton,  Lavoisier,  whose 
fame  in  natural  philosophy  should  rank  with  that  of  Galileo  and  Newton,  was  born  on 
August  26, 1743.  The  death  of  Lavoisier  occurred  during  the  Reign  of  Terror  of  the 
French  Revolution,  when  he,  together  with  twenty-six  other  chief  farmers  of  the  revenue, 
was  guillotined  on  May  8,  1794,  at  Paris,  but  his  works  and  thoughts  have  made  him 
immortal. 

>'  By  covering  iron  with  an  enamel,  or  varnish,  or  with  unrustable  metals  (such  as 
nickel),  or  a  coating  of  paraffin,  or  other  similar  substances,  it  is  protected  from  the  air 
and  moisture,  and  so  kept  from  rusting. 

i**  Such  an  experiment  may  easily  be  made  by  taking  the  finest  (unrusted)  iron  filings 
(ordinary  filings  must  be  first  washed  in  ether,  dried,  and  passed  through  a  very  fine 
sieve).  The  filings  thus  obtained  are  capable  of  burning  directly  in  air  (by  oxidising  or 
forming  rust),  especially  when  they  hang  (are  attracted)  on  a  magnet.  A  compact  piece 
of  iron  does  not  burn  in  air,  but  spongy  iron  glows  and  smoulders  like  tinder.  In 
making  the  experiment,  a  horse-shoe  magnet  is  fixed,  with  the  poles  downwards,  on  one 
arm  of  a  rather  sensitive  balance,  and  the  iron  filings  are  applied  to  the  magnet  (on  a 
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can  easily  be  proved  that  this  increase  in  weight  and  formation  of 
earthy  Huljstances  from  the  metal  is  accomplished  at  the  expense  of 
the  atmosphere,  and  mainly,  as  Lavoisier  proved,  at  the  expense  of 
that  portion  which  is  called  oxygen,  and,  as  will  afterwards  be 
^ocplainefl,  supports  combustion.  In  fact,  in  a  vacuum,  or  in  gases 
which  do  not  contain  oxygen,  for  instance,  in  hydrogen  or  nitrogen, 
thf.  iron  neither  rusts  nor  becomes  coated  with  scoria.  Had  the  iron 
not  been  weighed,  the  participation  of  the  oxygen  of  the  atmosphere  in 
it  A  transformation  into  an  earthy  substance  might  have  easily  passed 
onn^yticeil,  as  was  formerly  the  case,  when  phenomena  like  the 
tiUrvfi  were,  for  this  reason,  misunderstood.  It  is  evident  from  the 
law  of  the  indestructibility  of  matter  that  as  the  iron  increases  in 
w#right  in  its  conversion  into  rust,  the  latter  must  be  a  more  complex 
fttifiAtance  than  the  iron  itself,  and  its  formation  is  due  to  a  reaction  of 
fj//»nbi nation.  Were  not  this  chemical  change  studied  in  regard  to 
rnaMi,  and  did  we  not  know  of  the  ponderability  of  air,  and  of  its 
^rapacity  to  take  part  in  the  phenomena  of  combustion,  we  might  form 
an  entirely  wrong  opinion  about  it,  and  might,  for  instance,  consider 
rtiffi  to  be  a  simpler  substance  than  iron,  and  explain  the  formation  of 
nut  as  the  removal  of  something  from  the  iron.  Such,  indeed,  was 
Uie  general  opinion  prior  to  Lavoisier,  when  it  was  held  that  iron  con- 
tained a  certain  unknown  substance  called  *  phlogiston,'  and  that  rust 
was  iron  deprived  of  this  supposed  substance. 

2.  Copper  carbonate  (in  the  form  of  a  powder,  or  as  the  well-known 
green  mineral  called  *  malachite,'  which  is  used  for  making  ornaments, 
or  as  an  ore  for  the  extraction  of  copper)  changes  into  a  black  sub- 
stance called  *  copper  oxide'  when  heated  to  redness.^*     This  black 

*i}i««t  of  paper)  so  as  to  form  a  beard  about  the  poles.  The  balance  pan  should  be  exactly 
under  the  filings  on  the  magnet,  in  order  that  any  which  might  fall  from  it  should  not 
alter  the  weight.  The  filings,  havmg  been  weighed,  are  set  light  to  by  applying  the  flame 
of  a  candle;  they  easily  take  fire,  and  go  on  burning  by  themselves,  forming  rust. 
When  the  combustion  is  ended,  it  will  be  clear  that  the  iron  has  increased  in  weight; 
from  5^  parts  by  weight  of  iron  filings  taken,  there  are  obtained,  by  complete  com- 
bustion, 7^  parts  by  weight  of  rust.  Consequently,  if  about  5  grams  of  filings  be 
a])plied  to  the  magnet,  the  increase  in  weight  will  be  clearly  seen  by  the  weights  that  are 
required  to  restore  equilibrium.  This  experiment  proceeds  so  easily  and  quickly  that  it 
may  be  conveniently  demonstrated,  as  a  proof  of  the  increase  of  weight  at  the  expense  of 
air  and  of  its  transformation  into  the  solid  iron-rust. 

**  For  the  purpose  of  experiment,  it  is  most  convenient  to  take  copper  carbonate,  pre- 
])ared  by  the  experimenter  himself,  by  adding  a  solution  of  sodium  carbonate  to  a  solution 
of  copper  sulphate.  The  precipitate  (deposit)  so  formed  is  collected  on  a  filter,  washed, 
and  dried.  The  decomposition  of  copper  carbonate  into  copper  oxide  is  effected  by  so 
moderate  a  heat  that  it  may  be  accompished  in  a  glass  vessel  heated  by  a  lamp.  For 
this  purpose  a  thin  glass  tube,  closed  at  one  end,  and  called  a  *  test  tube,'  may  be  em- 
ployed, or  else  a  vessel  called  a  *  retort.'  The  experiment  is  carried  on,  as  described  in  the 
third  example  above,  by  collecting  the  carbonic  anhydride  over  a  water  bath,  as  will  be 
afterwards  explained. 
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mbstatiM-  is  also  obtained  \iy  heating  copper  lo  rediieBs  in  air — that  ia. 
Pit  is  the  scartA  or  oxidution  jiroduct  of  copper.     The  weight  of  the 
I  lilack  oxide  of  copper  left  is  less  than  that  of  the  copper  carbonate 
l«riginally  taken,  and  therefore  we  consider  the  leactiou  which  occurred 
\  to  have  been  one  of  decomposition,  and  tliat  by  it  Buniething  was  sepa- 
J  mted  from  the  green  copper  carbonate,  and  in  fact,  by  closing  the  orifice 
Lof   tie  vessel  in  which  the  copper  carbonate  is  heated  with  a  well- 
l  fitting  cork,  through  which  a  gas  delivery  lube"  passes  whose  end  is 
'  immersed  under  water,  it  will  Iw  observed  that  ou  heating,  a  gna  ie 
funned   which  bubbles  through   the  water.     Tliis  gas  can  be  easily 
collected,  as  will  presently  be  described,  and  it  will  be  found  to  essen- 
tially differ  from  air  in  many  respects  ;  for  instance,  a  burning  taper 
tinguished  in  it  as  if  it  had  lieen  plunged  into  water.     If  weighing 
■  liad  not  proved   tu  us  that  some  substance  had  been  separated,  the 
P&rmation  of  fixe  gas  might  easily  hare  escaped  our  notice,  for  it  is 
Eeolourless  and  transparent  like  air,  and  is  therefore  evolve".!  without 
KMny  striking  feature.     The  carbonic  acid  gas  evolved  may  l>e  weighed  "' 
ud  it  will  be  seen  that  the  sum  of  the  weighu  of  the  black  copper 

"  Qu  delirerjtubet  u«  nsoall;  miule  of  glsm  tubing  u  [»vpiir«liit  gliLBBWorks,  It 
I  nuds  of  Tinans  diunetcn  uid  bhiclmeBMS.  1[  ol  hidbII  i1iaiu«(«r  nn<l  Ihickiieaa,  it  gU>a 
«  is  eoailj  bent  by  heating  iu  a  goji  jet  or  the  flgjue  nl  ii  siiirit  huup,  and  m*y  «Ii)i)  be 
•nlydiriilnd  at  a  given  point  b;  makinti  n  deep  acratcb  witb  a  file  anrl  tlien  breaking  the 
■  I  nharp  jerk.  These  properties,  togetber  with  Iheir  imponuBH. 
tlttj,  traiuparency,  hu^Inean,  •ind  regnlarity  o[  bore,  makes  kIiu*  tnbea  moil  uaeful  in 
nith  gaMi.  Katiirally  they  might  be  replaced  bj  atiawi,  india-rubber, 
iier  tubes,  bat  thexo  are  more  difBvnll  U>  Gi  on  tu  a  vessel,  and  are  not 
«Dtir«]j  impervioDB  to  gaus.  A  glasg  gM  delivery  tabe  may  be  hermetically  filed  into 
■  vencl  by  fitting  it  into  a  perforaled  cork,  which  should  be  soft  and  free  froin  Sana,  and 
fiiiDK  the  cork  into  the  orifice  of  the  vessel.  Sometimea  the  coik  is  previously  toaked  in 
pwaffln,  or  it  ■■  replaced  by  an  india-rubber  cork. 

<■  Oases,  like  all  other  sabitanvee,  may  be  weighed,  but,  owing  to  their  extreme  Ughl- 
aeas  and  the  dilHcally  of  dealing  with  them  in  large  masses,  they  coo  only  be  weighed  by 
Toy  Mmntive  balances ;  that  is.  in  sachas.wibh  a,  considerable  load,  indicate  a  very  small 
dUbtmca  in  weight—  (or  example,  a  centigram  or  milligram  with  a  load  of  1,0W  grama 
Id  order  to  weigh  a  gas,  a  glass  globe  tumished  with  a  stop-cock  (which  must  not  leak  in 
■ny  part,  and  therefore  niosl  be  kept  well  labricated)  is  first  of  all  eibausted  of  air  by  an 
sir-pninp  la  Sprengel  pnmp  ia  the  beHt).  Tile  slop-coiik  is  then  dosed,  and  the  exbansted 
glob*  weighed.  As  the  preiware  of  tlie  atmosphere  ads  on  the  walls  of  the  globes,  they 
should  be  thick.  Clans  is  found  to  hear  the  strain  ot  the  ineqnality  of  the  exterior  and 
interior  pressure*  best.  If  the  gas  to  be  weighed  is  then  let  into  the  globe,  its  wught 
can  be  determined  from  the  increase  in  tlie  weight  ol  the  globe.  It  ia  necessary,  how- 
•ler.  that  the  tempeiHlore  and  pressure  of  the  air  about  tbe  bslani.'e  ihonld  remain 
constant  tor  both  weighings,  an  the  weight  at  the  globe  in  air  will  (according  lo  the  laws 
of  hydrosUties)  vary  with  its  density.  The  volume  of  the  air  displaced,  and  its  weight, 
inuat  tlierefore  be  dvlermined  hy  observmg  the  temperatare,  density,  and  moiatiire  of  the 
itmoepbere  dniiag  Uie  time  of  eiperiment.  This  will  be  partly  expUi  lied  later,  but  maybe 
•luditd  mora  in  detail  hy  physio.  Owing  to  the  complexity  iif  all  these  operationa.  the 
masa  of  a  gas  is  usually  dcleniiini-d  (roni  its  volume  and  di-iiijly,  rT  ilie  weight  of  one 
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oxide  find  carbonic  acid  gas  ia  equal  to  tlie  weight  of  the  copper  car- 
bonate'^  originally  taken,  and  thus  by  carefully  following  out  the 
rarious  stages  of  all  chemical  i-eactions  we  arrive  at  a  confinnation  of 
ihe  law  of  the  indestructibility  of  matter. 

3.  Red  mercury  oxide  (which  is  formed  as  mercury  scoria  by  heat- 
ing mercury  in  air)  ii  decomposed  like  copper  carbonate  (only  by 
beating  more  slowly  and  at  a  Mimewhat  higher  temperature),  with  the 
formation  of  the  peoultiir  gas,  oxygen.  For  this  purpose  the  mei'Cury 
oxide  is  placed  in  a  glass  tube  or  retort,"  to  which,  by  menns  of  a  cork, 
a  gas  dehvery  tube  is  attiinhed.    This  tul>e  is  bent  downwards,  as  shown 


in  the  drawing  (Fig.  1).  The  open  end  of  the  gas  delivery  tube  is  im- 
mersed in  a  vessel  tilled  with  water,  called  a  pneumatic  trough. "    When 

'•  The  Foppei  ctu-banale  iliould  be  dried  before  ireighiug,  u  othcrwiw — beiidee  t»p|wi 
Olide.  uid  turbonic  uifaydride— water  will  be  obUined  iu  the  dccomiHwilioD.  Wtter 
furou  a  put  of  the  cnmpoiitioii  of  maluihite.  uud  hns  tlierefore  tu  be  taken  lata  couniden- 
lioD.  The  water  produced  id  the  d«ompoHtioD  mBr  be  all  collected  by  abiorbiiig  it  in 
■ulphniic  add  or  dlciam  ohloride,  iks  wiU  be  deaciibed  further  on.  In  order  to  dr;  a 
■alt  it  mnst  be  heated  at  about  1U0°  until  its  weight  remaiim  oODBtant.  or  be  placed  uudec 
an  air  pomp  over  HUlphurie  acid,  aa  will  alao  be  preBentl;  described.  Ae  water  it  met 
with  aiuoit  evflrjrwhere,  and  aa  it  i>  absorbed  b;  nuuiy  HubetaDcea,  the  jKissibility  of  its 
preaence  ahoald  never  be  Imt  light  of. 

redneea.  an  to  aoften  ordinary  gUun,  it  ia  ueceBRBry  fur  the  i->perinient  to  take  a  retort 
for  te>t  tube)  made  of  infaaible  (German)  glaaa.  which  is  able  to  stand  high  teniperatuna 
witliDut  softeaing.  For  the  aaffle  reason,  the  lamp  used  tuuel  giro  a  strong  heat  and  a 
large  flame,  capable  of  embracing  the  whole  bottom  of  the  retort,  which  shonld  be  aa 
small  ai  iioaible  for  the  rouvenience  of  the  eiperimeut. 

^  The  pneumatic  trough  may  naturally  be  made  of  any  material  (china,  earthenware 
or  metal.  A~c.).  but  naually  a  glaas  one,  as  shown  in  the  drawing,  is  used,  u  it  allowa  the 
progTBH  of  experiment  being  better  observed.  For  thin  reanTi,  as  well  as  Ihe  eaa*  with 
which  they  are  kept  clean,  and  from  the  fact  also  tliat  glass  is  not  acted  on  by  many  nib- 
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the  gas  b^ns  to  be  evolved  in  the  retort  it  is  obliged,  having  no  other 
outlet,  to  escape  through  the  gas  delivery  tube  into  the  water  in  the 
pneumatic  trough,  and  therefore  its  evolution  will  be  rendered 
visible  by  the  bubbles  coming  from  this  tube.  In  heating  the  retort 
containing  the  mercury  oxide,  the  air  contained  in  the  apparatus  is 
first  partly  expeUed,  owing  to  its  expansion  by  heat,  and  then  the 
peculiar  gas  called  'oxygen '  is  evolved,  and  may  be  easily  collected  as  it 
comes  off.  For  this  purpose  a  vessel  (an  ordinary  cylinder,  as  in  the 
drawing)  is  filled  quite  full  with  water  and  its  mouth  closed  ;  it  is  then 
inverted  and  placed  in  this  position  under  the  water  in  the  trough  ; 
ttie  mouth  is  then  opened.  The  cylinder  will  remain  full  of  water — 
that  is,  the  water  will  remain  at  a  higher  level  in  it  than  in  the  sur- 

■tuiceB  which  kllect  other  matetiols  (tot  instaiice,  metitig),  glaui  veiwU  of  nil  kindii — 
KDcb  &■  retotta,  Mat  tubes,  cylinders,  beakers,  UsiikH,  globea,  &g.— are  preferred  to  my 
other  for  chemical  eiperiments.  Olaaii  reeseU  maj'  be  heated  witliout  anf  ilauger  il  the 
loUoiring  precaations  be  obeerved :  let,  Ihey  ahonld  be  made  of  thiu  gUsa,  a.a  otherwiae 
they  are  liable  to  crack  from  the  bad  heat.conductiiig  power  of  glaaa ;  2nd,  they  ehould  be 
Harroanded  by  a  liquid  or  witb  aand  (Fig.  fl),  or  aand  batb  as  it  ia  calied  ;  orelae  should 


(tand  in  a  current  of  hot  gaaea  nithout  tout 
the  flame  of  a  emokeleaa 


which  b 


with  a 


Id  the  Bunaeu  barrier  tlie  « 
•moketeaa  flame.  On  the  ot 
not  imoke  it  may  be  uaed  tor 
placed  well  above  the  flame  iti 
be  begun  very  carefully  by  ra 
glaaa  will  break. 


lel  from  which  Ihey  proceed,  or  in 

Tlie  aoot  interferes  with  the  tranamii.aioii  of  heat,  and 
aoot  often  cracka.  And  for  Ihia  reaaon  apirit  lamps, 
:,  or  gaa  burners  ot  a  peculiar  ctmalruction,  are  uaed. 
miied  with  air.  and  bunia  witb  u,  non-luminoua  and 
md,  if  ail  ordinary  lamp  Ipetioleuin  or  lieniine)  doea 
IK  a  glaaa  vessel  without  danger,  provided  the  glaita  ia 
orrent  of  hot  gaaes.  In  all  casea,  tlie  heating  ibould 
^he  temperature  by  degrees,  and  not  all  at  once,  or  the 
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can  easily  be  proved  that  this  increase  in  weight  and  fortnation  of 
earthy  substances  £rom  the  metal  is  accomplished  at  the  expense  of 
the  atmosphere,  and  mainly,  as  Lavoisier  proved,  at  the  expenae  of 
that  portion  which  is  called  oxygen,  and,  as  will  afterwards  be 
explained,  supports  combustion.  In  fact,  in  a  vacuum,  or  in  gases 
which  do  not  contain  oxygen,  for  instance,  in  hydrogen  or  nitrogen, 
the  iron  neither  rusts  nor  becomes  coated  with  scoria.  Had  the  iron 
not  been  weighed,  the  participation  of  the  oxygen  of  the  atmosphere  in 
its  transformation  into  an  earthy  substance  might  have  easily  passed 
unnoticed,  as  was  fonuerly  the  case,  when  phenomena  like  the 
above  were,  for  this  reason,  misunderstood.  It  is  evident  from  the 
law  of  the  indestructibility  of  matter  that  as  the  iron  increases  in 
weight  in  its  conversion  into  rust,  the  latter  must  be  a  more  complex 
substance  than  the  iron  itself,  and  its  formation  is  due  to  a  reaction  trf 
combination.  Were  not  this  chemical  change  studied  in  r^ard  to 
mass,  and  did  we  not  know  of  the  ponderability  of  air,  and  of  Its 
capacity  t«  take  part  in  the  phenomena  of  combustion,  we  mi^t  form 
an  entirely  wrong  opinion  about  it,  and  might,  for  instance,  connder 
rust  to  be  a  simpler  substance  than  iron,  and  explain  the  formation  of 
rust  as  the  removal  of  something  from  the  iron.  Such,  indeed,  was 
the  general  opinion  prior  to  Lavoisier,  when  it  was  held  that  iron  con- 
tained a  certain  unknown  substance  calle<l  'phlogiston,'  and  that  nut 
was  iron  deprived  of  this  supposed  substance. 

2.  Copper  carbonate  (in  the  form  of  a  powder,  or  as  the  well-known 
green  minet^l  called  '  malachite,'  which  is  used  for  making  omamenta, 
or  as  an  ore  for  the  extraction  of  copper)  changes  into  a  black  sab- 
stance  called  'copper  oxide'  when  heated  to  redness.'*     This  blade 

ahtet  of  paper)  so  B«  to  f  onn  a  benrd  about  the  poles.  The  balance  pan  ahonld  he  eiacUjr 
ander  tiie  filing  oTt  the  magnet,  in  order  that  any  which  might  fall  fitun  it  ahoold  KUl 
alter  the  weight.  The  filing*,  having  been  weighed,  are  set  light  to  bj  applying  the  Sama 
of  a  euidU;  they  eaxily  t^ke  fire,  an<l  go  on  bnming  by  themaelma,  torming  tnL 
When  the  cDmbnation  is  ended,  it  will  be  clear  thai  the  iron  haa  incrsaaed  in  aiii^hl. 
from  St  partii  by  weight  of  iron  filings  taken,  there  are  obtained,  by  compMa  aot» 
bustion.  T}  parts  by  weight  of  mst.  Conseiiaenlly.  if  aboat  G  gtami  of  Bliqi  ha 
applied  to  the  magnet,  the  increase  in  weight  will  be  rlesrly  seen  by  the  weigliti  lllltaM 
reunited  to  restore  eqnilibnnm.  This  ei)ieriment  proceeds  so  easily  aikI  ijiiitkly  that  il 
may  be  eonvenienlly  denioni<trated.  sh  a  proof  of  the  increase  of  weight  m  Uw  i-ipru>e  of 
air  and  of  its  tnuistormation  into  the  solid  iron-rust. 

'*  For  the  purpose  ot  eJi-eriment,  it  ia  most  fon\-enient  to  lake  oo|i(wr  c«rU>nate.  pre- 
|<ared  by  the  eiperinienler  liimBelJ,h>  adding  a  solotionof  sodium  cart«>nat*-  u>  ssolatton 
of  copper  sniphate.  The  prerijiitate  (dejiosit  i  so  formed  ia  collected  •^ 
and  dried.  The  decomposition  of  co|>per  carbonate 
moderate  a  heat  that  it  may  be  accompished  in  a  g' 
this  pnrpose  a  thin  glass  tube,  closed  ul  one  end,  a: 
ployed,  or  elte  a  res«el  called  a  '  retort.'  The  exiierin 
third  eiample  above,  by  collei'ting  the  carUinic  aiih 


er  oiiie  i»  effected  hj  to  I 

haatoii  Ly  a  luop.     For         1 
L  'twt  tube.'  maj  ba  VS^^J 
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MilxtMMe  is  also  obtkined  bv  bentiug  copper  to  ndu«ss  id  air — xbM  is, 
it  is  tbe  Hvrat  or  oxi^tion  product  of  ov^per.  The  wt^ht  ci  tbei 
black  oxicie  at  copper  left  is  le&s  than  that  of  tii«  copper  carlxnate 
or%inaI)T  taken,  aixl  therefore  we  cousider  the  rmciiou  whicb  occomd 
to  hare  been  cme  of  decomposition,  and  that  bv  it  something  vas  sepa- 
rated froiu  the  green  copper  carbonate,  and  in  fact  hy  cloising  the  orifice 
of  the  vessel  in  which  tbe  copper  carVwnate  is  heated  with  a  well- 
titting  cork,  t&roagh  which  a  gas  delivery  Iu1>e"  pnssea  whose  end  is 
immerEed  tmder  water,  it  will  be  observed  that  on  heating,  n  ga<  is 
formed  which  bubbles  through  the  water.  Tliis  gns  can  be  enulj 
collected,  a«  will  presently  be  described,  and  it  will  be  found  to  easen- 
tially  differ  from  air  in  many  respecta  ;  for  inatance,  a  burning  taper 
is  extinguishetl  in  it  as  if  it  ha^l  been  plunged  into  water.  If  weighing 
had  not  proved  to  ua  that  some  substance  hnil  been  aeparnted,  the 
formation  of  the  ga«  might  easily  have  escaped  our  notice,  for  it  is 
colourless  and  transparent  like  air,  and  is  therefore  evoheii  without 
any  striking  feature.  The  carlxinic  acid  gas  evolved  may  lie  weighed  '* 
and  it  will  be  seen  that  the  sum  of  the  weights  of  the  Mnok  copper 

It 


IM  delirci;  tubva  w 


it  ghuH  tubing  lU  |>re|HuiKliil  _ 
i(  mudeol  vuioiu  diuuetera  uid  thickneaaeit.  If  of  nD*ll  diiun«l*tuul  lhickiip>B,i>)[lii>- 
tub«  i>  euil;  b«Dt  by  beating  in  o.  gita  jet  or  the  lliunv  of  ■  Hpirit  lump,  and  iuk;'  itli"'  I"' 
Mnilir  dii-ided  M  a  pven  point  by  makini;  a  deep  Bcnlvb  with  a  Hte  Mid  then  brvakinii  tlio 
tobe  at  thia  point  with  a  iharp  jerk.  Tliew  properties,  together  with  tbair  impunnva- 
bilitj.  trannparenc;,  htLFdneiw,  and  regularity  ol  bore,  maket  K^a  tobea  niMl  unatal  iu 
«ip«Tini^nta  with  gaaea.  ynturall;  tbej  might  be  replaced  by  atrawn,  iudia-robber, 
nwtallic.  or  other  tnbee.  but  Ibem  are  more  difKcalt  to  fix  uu  to  a  veaivl,  and  are  not 
e&tinlj  imperrimu  to  gaaea.  A  glam  gaa  delivery  lube  may  be  henneticaJly  Hied  into 
■  vaiael  by  fitting  it  into  a  perfomled  iork,whicb  should  bo  noft  and  ftwe  (mm  flawi,  and 
fliing  tbe  coik  into  the  orifice  of  the  vessel.  Hometimea  the  cork  i»  |i(eviou*ly  aoakwt  in 
panSD,  oi  it  ia  replaced  by  an  india-rubbei'  cork. 

■a  Ouei,  like  aU  other  aubitancee,  may  be  weighed,  bnt,  owing  t<i  tlieir  eitreme  light- 
n«M  and  the  ditHculty  of  dealing  with  Ihem  in  large  maues,  tliry  ran  only  be  weighsd  by 
TdTjaenaitivebalancea;  that  is.  in  aacha«,with  a  coniidernble  load,  indlcatn  a  tecyamall 
diflnwnee  In  weight—  lor  example,  a  centigrHm  or  milligram  with  a  load  of  1,000  grama. 
Id  order  bi  weigh  a  gai,  a  glaaa  globe  famiahed  with  a  ttup-cork  Iwhii'h  muot  iiut  leak  Ln 
any  part,  and  therefore  must  be  kept  well  tubricated)  iaSrat  of  all  oxhnuatwl  <il  air  by  an 
aiT-pamp  (a  Sptengel  pump  i«  the  beat).  The  stop-iwek  it  Iben  cloud,  anil  the  eihauatnl 
gM»  weighed.  As  the  pressure  of  the  atmo>|'li>-i<'  wi-  »ii  Hii'  wi.11.  of  the  glubea,  tliuy 
■hnnld  be  thick.    GlaH  is  found  to  bnu  the  Mi.'i'  r  the  eilerior  and 

islonoi  pressnres  best.  If  the  gaa  t- 
MS  be  determined  from  the  increate 
vrer,  that  the  terapemtai?  ,ind  ^Tr^ 
nmstant  for  both  weiiitiiviT  - -'-  - 
o(byd^..I.ti...i.»r.-'vi" 
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can  easily  be  proved  that  this  increase  in  weight  and  formation  of 
earthy  substances  from  the  metal  is  accomplished  at  the  expense  of 
the  atmosphere,   and  mainly,  as  Lavoisier  proved,  at  the  expense  of 
that  portion   which    is   called   oxygen,   and,   as  will  afterwards   be 
explained,  supports  combustion.     In  fact,  in  a  vacuum,  or  in  gases 
which  do  not  contain  oxygen,  for  instance,  in  hydrogen  or  nitrogen, 
the  iron  neither  rusts  nor  becomes  coated  with  scoria.      Had  the  iron 
not  been  weighed,  the  participation  of  the  oxygen  of  the  atmosphere  in 
its  transformation  into  an  earthy  substance  might  have  easily  passed 
unnoticed,   as   was  formerly    the   case,   when    phenomena    like    the 
above  were,  for  this  reason,  misunderstood.     It  is  evident  from  the 
law  of  the  indestructibility  of  matter  that  as  the  iron  increases  in 
weight  in  its  conversion  into  rust,  the  latter  must  be  a  more  complex 
substance  than  the  iron  itself,  and  its  formation  is  due  to  a  reaction  of 
combination.      Were  not  this   chemical  change  studied  in  r^ard  to 
mass,  and  did  we  not  know  of  the  ponderability  of  air,  and  of  its 
capacity  to  take  part  in  the  phenomena  of  combustion,  we  might  form 
an  entirely  wrong  opinion  about  it,  and  might,  for  instance,  consider 
rust  to  be  a  simpler  substance  than  iron,  and  explain  the  formation  of 
rust  as  the  removal  of  something  from  the  iron.      Such,  indeed,  was 
the  general  opinion  prior  to  Lavoisier,  when  it  was  held  that  iron  con- 
tained a  certain  unknown  substance  called  '  phlogiston,'  and  that  rust 
was  iron  deprived  of  this  supposed  substance. 

2.  Copper  carbonate  (in  the  form  of  a  powder,  or  as  the  well-known 
green  mineral  called  '  malachite,'  which  is  used  for  making  ornaments, 
or  as  an  ore  for  the  extraction  of  copper)  changes  into  a  black  sub- 
stance called  *  copper  oxide '   when  heated  to  redness.**     This  black 

sheet  of  paper)  so  as  to  form  a  beard  about  the  poles.  The  balance  pan  should  be  exactly 
under  the  filings  on  the  magnet,  in  order  that  any  which  might  fall  from  it  should  not 
alter  the  weight.  The  filingH,  havmg  been  weighed,  are  set  light  to  by  applying  the  flame 
of  a  candle;  they  easily  take  fire,  and  go  on  burning  by  themselves,  forming  rust. 
When  the  combustion  is  ended,  it  will  be  clear  that  the  iron  has  increased  in  weight; 
from  5^  parts  by  weight  of  iron  filings  taken,  there  are  obtained,  by  complete  com- 
bustion, 7|  parts  by  weight  of  rust.  Consequently,  if  about  5  grams  of  filings  be 
applied  to  the  magnet,  the  increase  in  weight  will  be  clearly  seen  by  the  weights  that  axe 
required  to  restore  equilibrium.  This  experiment  proceeds  so  easily  and  quickly  that  it 
may  be  conveniently  demonstrated,  a»  a  proof  of  the  increase  of  weight  at  the  expense  erf 
air  and  of  its  transformation  into  the  solid  iron-rust. 

^*  For  the  purpose  of  experiment,  it  is  most  convenient  to  take  copper  carbonate,  pre- 
pared by  the  experimenter  himself ,  by  adding  a  solution  of  sodium  carbonate  to  a  solution 
of  copper  sulphate.  The  precipitate  (deposit)  so  formed  is  collected  on  a  filter,  washed, 
and  dried.  The  decomposition  of  copper  carlx)nate  into  copper  oxide  is  effected  by  so 
moderate  a  heat  that  it  may  be  accompished  in  a  glass  vessel  heated  by  a  lamp.  For 
this  purpose  a  thin  glass  tube,  closed  at  one  end,  and  called  a  '  test  tube,'  may  be  em- 
ployed, or  else  a  vessel  called  a  '  retort.'  The  experiment  is  carried  on,  as  described  in  the 
third  example  above,  by  collecting  the  carbonic  anhydride  over  a  water  bath,  as  will  be 
afterwards  explained. 
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b>betam^e  is  also  obtained  by  heating  copper  to  rednesB  in  air — that  is, 

or  oxidution  product  of  copper.     The  weight  of  the 

Uack  oxide  of  copper  left  is  less  than  timt  of  the  copper  carbonate 

finally  taken,  ar«i  therefore  we  considei-  the  reaction  which  occurred 

a  have  been  one  of  decomposition,  and  that  by  it  siimething  was  sepa- 

Knt^d  from  the  green  copper  tarljonate,  and  in  fact  by  closing  the  orifice 

mCt   the  vessel  in  which  the  copper  carbonate  is  heated  with  a  well- 

i  £tting  cork,  through  which  a  gas  delivery  tube'"  passes  wliose  end  ia 

fc  jminersed  under  water,  it  will  be  observed  that  on  heating,  a  gas  is 

which  bubbles  through   the   water.     This  gas  can  !»  easily 

Bollected,  ae  will  presently  be  described,  and  it  will  be  found  to  essen- 

»lly  difler  from  air  in  many  respects  ;  for  instance,  a  burning  taper 

■!■  extinguished  in  it  as  if  it  had  t)een  plunged  into  water.     If  weighing 

¥l«d  not  proved  to  us  that  some  substance  had  been  separated,  the 

Llormation  of  the  gas  might  easily  have  escaped  our  notice,  for  it  ia 

iolourless  and  transparent  like  air,  and  is  therefore  evob'ed  without 

my  striking  feature.     The  tvirbonic  acid  gas  evolved  may  Ije  weighed  '* 

nd  it  will  be  seen  that  the  sum  of  the  weights  of  the  black  copper 

''  Gm  deliver;  tabes  Me  UBUiOly  miule  uf  gluaa  tablug  u  pnipiirediit  ||;iaa»  work*.    11 
Mde  of  TuianK  diamstets  and  UiiukneBaes.   If  ol  grnult  diameter  and  thiekneai,  aKlus 
le  it  eiuQ;  bent  by  heating  in  n  gaa  jet  or  Uie  flame  ot  a  iipirit  Innip,  uid  mny  olao  be 
ilj  divided  M  a  given  point,  by  mnkind  it  deep  sctatcb  with  «.  file  luid  tbenbreDkinK  the 
tube  at  Uiii  point  with  a  sharp  jerk.    The«e  properties,  togethet  with  thstr  imperotaa- 
baity.  tnuiEparency,  hardneBt.  and  regalarity  of  bore,  rnaken  ([Ubb  tnbes  moat  naefuJ  in 
eiperiin<!ntii  vith  gtiu-t.     Xaturally  they  might  be  replaced  by  Btrairi,  tndia-rabber, 
^allic.  or  other  tubes,  hat  these  are  more  diflicnlt.  to  fix  on  to  s  veaiiel,  and  are  not 
!y  impervious  to  ganes.    A  glass  gas  delivery  tube  may  be  hermetically  flied  into 
Kvauel  by  fitting  it  into  a  perforated  cork,  which  should  be  soft  and  free  tiDrD  flaw*,  and 
~  ato  the  orifice  of  tlie  vessel.     Sometimes  the  cork  is  previoasly  soaked  in 
teploMd  by  an  india-nibboi  cork. 
•  Oasps,  like  all  other  substance*,  may  be  weighed,  bnl,  ovring  to  their  extreme  light- 
la  anl  the  difficulty  ot  dealing  with  them  in  large  coasaes.  they  can  only  be  weighed  by 
ebalsflcea;  that  in,  in  SDchae,withB  considerable  load,  indicate  a  very  small 
wnght— foreiumple,  a  I'entigTiun  or  milligram  with  a  load  ol  1,1100  gnuns. 
h  order  la  v«gh  a  gas,  a  glass  globe  lumished  willi  a  stopcock  [which  must  ixot  leak  in 
Hf  part,  and  tberelore  most  b«  kept  well  lubricated)  i>  first  of  all  eihansted  ot  nir  by  an 
Er-pumpla  Sprengel  pump  is  the  best).  The  stop-cotk  a  then  closed,  and  LheexhanHted 
~  ~i«  weighed,      As  (be  pidssure  ul  the  atmoipheiH  acta  on  the  walls  of  the  globes,  they 
lold  be  Ibli-k.    Glass  is  touod  to  bear  the  strain  ol  the  inequality  of  the  exterior  and 
vior  pmsurse  best.     II  the  gHs  to  be  weighed  is  tixm  let  into  the  globe,  its  weight 
■  be  determined  from  the  incruiLse  in  the  weight  of  tlie  globe.     It  is  necessary,  how- 
«r,  that  the  tempemtare  and  pressure  of  the  air  about  the  balance  shonbl  remain 
eoDslant  for  both  weighing*,  as  (be  weight  of  the  globe  in  air  will  (according  to  the  laws 
of  hydroalatici)  vary  with  il<  denaily.    The  volume  of  the  air  displaced,  end  ila  weight, 
moat  therefore  be  determined  by  observing  the  temperatore,  density,  and  moistDte  of  the 
Btmoapbere  during  the  lime  of  eiperimenl.  This  will  be  portly  eiplained  later,  hot  maybe 
in  detail  by  physic*.      Owing  (o  the  complexity  ot  all  these  operations,  the 
is  n»nu11y  determined  from  its  volume  and  den-ity,  or  the  weight  of  one 
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can  easily  be  proved  that  this  increase  in  weight  and  formation  of 
earthy  substances  from  the  metal  is  accomplished  at  the  expense  of 
the  atmosphere,  and  mainly,  as  Lavoisier  proved,  at  the  expense  of 
that  portion  which  is  called  oxygen,  and,  as  will  afterwards  be 
explained,  supports  combustion.  In  fact,  in  a  vacuum,  or  in  gases 
which  do  not  contain  oxygen,  for  instance,  in  hydix)gen  or  nitrogen, 
the  iron  neither  rusts  nor  becomes  coated  with  scoria.  Had  the  iron 
not  been  weighed,  the  participation  of  the  oxygen  of  the  atmosphere  in 
its  transformation  into  an  earthy  substance  might  have  easily  passed 
unnoticed,  as  was  formerly  the  case,  when  phenomena  like  the 
above  were,  for  this  reason,  misunderstood.  It  is  evident  from  the 
law  of  the  indestructibility  of  matter  that  as  the  iron  increases  in 
weight  in  its  conversion  into  rust,  the  latter  must  be  a  more  complex 
substance  than  the  iron  itself,  and  its  formation  is  due  to  a  reaction  of 
combination.  Were  not  this  chemical  change  studied  in  regard  to 
mass,  and  did  we  not  know  of  the  ponderability  of  air,  and  of  its 
capacity  to  take  part  in  the  phenomena  of  combustion,  we  might  form 
an  entirely  wrong  opinion  about  it,  and  might,  for  instance,  consider 
rust  to  be  a  simpler  substance  than  iron,  and  explain  the  formation  of 
rust  as  the  removal  of  something  from  the  iron.  Such,  indeed,  was 
the  general  opinion  prior  to  Lavoisier,  when  it  was  held  that  iron  con- 
tained a  certain  unknown  substance  called  *  phlogiston,'  and  that  rust 
was  iron  deprived  of  this  supposed  substance. 

2.  Copper  carbonate  (in  the  form  of  a  powder,  or  as  the  well-known 
green  mineral  called  *  malachite,'  which  is  used  for  making  ornaments, 
or  as  an  ore  for  the  extraction  of  copper)  changes  into  a  black  sub- 
stance called  *  copper  oxide'  when  heated  to  redness.*^     This  black 

sheet  of  paper)  so  as  to  form  a  beard  about  the  poles.  The  balance  pan  should  be  exactly 
under  the  filings  on  the  magnet,  in  order  that  any  which  might  fall  from  it  should  not 
alter  the  weight.  The  filings,  havmg  been  weighed,  are  set  light  to  by  applying  the  fiame 
of  a  candle;  they  easily  take  fire,  and  go  on  burning  by  themselves,  forming  rust. 
When  the  combustion  is  ended,  it  will  be  clear  that  the  iron  has  increased  in  weight ; 
from  5^  parts  by  weight  of  iron  filings  taken,  there  are  obtained,  by  complete  com- 
bustion, 7|  parts  by  weight  of  rust.  Consequently,  if  about  5  grams  of  filings  be 
applied  to  the  magnet,  the  increase  in  weight  will  be  clearly  seen  by  the  weights  that  are 
required  to  restore  equilibrium.  This  experiment  proceeds  so  easily  and  quickl}^  that  it 
may  be  conveniently  demonstrated,  as  a  proof  of  the  increase  of  weight  at  the  expense  of 
air  and  of  its  transformation  into  the  solid  iron-rust. 

^*  For  the  purpose  of  experiment,  it  is  most  convenient  to  take  copper  carlx)nate,  pre- 
pared by  the  experimenter  himself,  by  adding  a  solution  of  sodium  carbonate  to  a  solution 
of  copper  sulphate.  The  precipitate  (deposit)  so  formed  is  collected  on  a  filter,  washed, 
and  dried.  The  decomposition  of  copper  carbonate  into  copper  oxide  is  effected  by  so 
moderate  a  heat  that  it  may  be  accompished  in  a  glass  vesoel  heated  by  a  lamp.  For 
this  purpose  a  thin  glass  tube,  closed  at  one  end,  and  called  a  *  test  tube,'  may  be  em- 
ployed, or  else  a  vessel  called  a  '  retort.'  The  experiment  is  carried  on,  as  described  in  the 
third  example  above,  by  collecting  the  carbonic  anhydride  over  a  water  bath,  as  will  be 
afterwards  explained. 
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fiubetADc^  ia  also  obtnitied  by  faeatbig  copper  to  redue^B  in  air — that  u 
it  is  the  scoria  or  oxidation  pi-otluct  of  copper.  Tte  weigbt  of  the 
black  oxide  of  copper  left  is  less  than  tlmt  of  the  copper  carbonate 
originally  taken,  and  therefore  we  I'on.sider  the  reaction  which  occurred 
to  have  been  one  of  decoiii position,  and  that  by  it  something  was  sepa- 
rated from  the  green  copper  cnrlionate,  and  in  fact  by  closing  the  oritice 
of  the  vessel  in  which  the  copper  L-arbonute  ia  heated  with  a  well- 
fitting  cork,  through  which  a  gas  delivery  tube'^  passes  wh(«e  ent 
immersed  under  water,  it  will  be  observed  that  on  heating,  a  gaJ 
formed  which  bubbles  Uirough  the  water.  This  gas  can  be  easily 
collected,  as  will  presently  be  descril>ed,  and  it  will  be  found  to  ess 
tially  differ  from  air  in  many  respects  ;  for  instance,  a  burning  taper 
is  extinguished  in  it  us  if  it  hail  been  plunged  into  water.  If  weighing 
had  not  proved  tu  us  that  some  substance  had  been  sepanited,  the 
formation  of  the  gas  might  easily  have  escap<^  our  notice,  for  ii 
colourless  ami  transparent  like  air,  and  is  therefore  evol\-ed  without 
any  striking  feature.  The  cai'l>ouic  acid  gas  evolved  may  he  weighed  "* 
and  it  will  he  seen  that  the  sum  of  the  weights  of  the  black  copper 

"  Oai  deliver  tnlxM  ue  naaiJIf  iiiihIh  iif  glasa  tubing  hb  prepu-ed  aC  gliUHWorki.     Il 

u  nuLde  of  vuiam  diuueten  uid  tbkknGSMss.   1(  ot  snmll  c1iAmel«riuidlhicku««,BElM* 

Mb«  il  aasiljr  bent  b;  heatint;  in  •  g>u  jet  ur  the  flaiiiH  q(  a  spirit  Jump,  uid  may  tlao  be 

,    «ub1]f  divided  At  a  giren  [Miut  by  miLkiuK  a  deep  scr&tch  witb  it  bin  and  then  breaking  the 

al  lbi«  point  with  a  aharp  jerk.    These  ptoperliea,  together  with  their  impennea- 

[  bilit;,  tnuuparency,  hardjjvm,  and  regalnrity  of  bore,  makeB  g]a*a  tubea  moit  nietnl  Id 

Ir  opetiio^nli  with  gasea.     Maturally  they  might  be  replaced  by  itraWB,  iodia-nibber, 

eljr  impervioiu  to  giuei.    A  glaiu  gai  delivery  tube  may  be  henneticaUy  fliwl  iuto 
•el  by  fltlint;  it  julo  ■  petforaled  cork,  which  ahould  be  soft  and  free  from  flaws,  and 
r  AxiBR  the  cork  into  the  orifice  al  the  teaael.    Sometimes  the  cork  ie  previmialy  soaked  io 
alBn,  or  it  ia  replaced  by  an  india-rubber  eork. 

'*  Qaaca,  like  all  other  aQhstances,  may  be  weiffhed.  but,  owing  to  Iheir  extreme  liithl' 
I  knd  the  diiBculty  of  dealing  with  them  in  large  maasea.  they  can  only  be  weighed  by 
TCTyMDaitiTe  balances;  tliat  is,  in  such  as,  with  a  nmiiderabla  load,  indicate  a  verysmiUl 
wnee  in  weight—  for  example,  a  ceDtigram  or  milligram  with  a  load  of  1,000  grams. 
[  Jn  order  tu  weigh  a  gaa,  a  ghxs  globe  famished  with  a  stop-cock  (which  must  not  leak  in 
f  any  part,  and  therefore  mast  be  kept  well  lubricated)  is  Snt,  of  all  eihaoaled  of  air  by  an 
J  •irpump  la  Sprengel  pump  is  the  bei.t).  The  atop-cocli  i»  then  doaed,  and  the  eihauslod 
I  (lobe  weighed.  Ai  (he  preiiure  of  the  atmoepliere  acta  on  the  walls  of  the  globes,  they 
J  abonld  be  thick.  Olass  is  fonnd  to  bear  tlie  itrain  of  the  inequality  of  the  exterior  and 
I  iataiot  preHUrei  best.  If  the  gai  to  be  weighed  is  then  let  into  the  globe,  its  weight 
('^m  be  determined  from  the  increase  in  the  weight  at  the  globe.  It  is  necessary,  how- 
r,  that  the  temperature  and  pressure  of  the  air  about  the  balance  should  remain 
slant  for  both  weighings,  as  the  weight  of  the  globe  in  air  will  (according  to  the  lnws 
t  «l  hyitrmitalica)  cary  with  ita  density.  The  volume  of  the  air  displaced,  and  ita  weight, 
It  therefore  be  determined  by  observing  the  temperature,  denaity,  and  moisture  of  the 
I  •tmoetihere  dariot;  tile  time  of  experiment.  This  will  be  partly  explained  later,  but  may  bo 
idied  mtire  in  detail  by  phynca.  Owing  to  tlie  complexity  of  nil  these  operations,  the 
■■  of  a  gaa  i<  uiually  determined  from  its  volume  and  den'.ity,  or  the  weijibt  ol  one 
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can  easily  be  proved  that  this  increase  in  weight  and  formation  of 
earthy  substances  from  the  metal  is  accomplished  at  the  expense  of 
the  atmosphere,  and  mainly,  as  Lavoisier  proved,  at  the  expense  of 
that  portion  which  is  called  oxygen,  and,  as  will  afterwards  be 
explained,  supports  combustion.  In  fact,  in  a  vacuum,  or  in  gases 
which  do  not  contain  oxygen,  for  instance,  in  hydrogen  or  nitrogen, 
the  iron  neither  rusts  nor  becomes  coated  with  scoria.  Had  the  iron 
not  been  weighed,  the  participation  of  the  oxygen  of  the  atmosphere  in 
its  transformation  into  an  earthy  substance  might  have  easily  passed 
unnoticed,  as  was  formerly  the  case,  when  phenomena  like  the 
above  were,  for  this  reason,  misunderstood.  It  is  evident  from  the 
law  of  the  indestructibility  of  matter  that  as  the  iron  increases  in 
weight  in  its  conversion  into  rust,  the  latter  must  be  a  more  complex 
substance  than  the  iron  itself,  and  its  formation  is  due  to  a  reaction  of 
combination.  Were  not  this  chemical  change  studied  in  regard  to 
mass,  and  did  we  not  know  of  the  ponderability  of  air,  and  of  its 
capacity  to  take  part  in  the  phenomena  of  combustion,  we  might  form 
an  entirely  wrong  opinion  about  it,  and  might,  for  instance,  consider 
rust  to  be  a  simpler  substance  than  iron,  and  explain  the  formation  of 
rust  as  the  removal  of  something  from  the  iron.  Such,  indeed,  was 
the  general  opinion  prior  to  Lavoisier,  when  it  was  held  that  iron  con- 
tained a  certain  unknown  substance  called  '  phlogiston,'  and  that  rust 
was  iron  deprived  of  this  supposed  substance. 

2.  Copper  carbonate  (in  the  form  of  a  powder,  or  as  the  well-known 
green  mineral  called  *  malachite,'  which  is  used  for  making  ornaments, 
or  as  an  ore  for  the  extraction  of  copper)  changes  into  a  black  sub- 
stance called  *  copper  oxide'  when  heated  to  redness.  ^^     This  black 

sheet  of  paper)  so  as  to  form  a  beard  about  the  poles.  The  balance  pan  should  be  exactly 
under  the  filings  on  the  ma^et,  in  order  that  any  which  might  fall  from  it  should  not 
alter  the  weight.  The  filings,  havmg  been  weighed,  are  set  light  to  by  applying  the  flame 
of  a  candle;  they  easily  take  fire,  and  go  on  burning  by  themselves,  forming  rust. 
When  the  combustion  is  ended,  it  will  be  clear  that  the  iron  has  increased  in  weight ; 
from  5^  parts  by  weight  of  iron  filings  taken,  there  are  obtained,  by  complete  com- 
bustion, H  parts  by  weight  of  rust.  Consequently,  if  about  5  grams  of  filings  be 
applied  to  the  magnet,  the  increase  in  weight  will  be  clearly  seen  by  the  weights  that  are 
required  to  restore  equilibrium.  This  experiment  proceeds  so  easily  and  quickly  that  it 
may  be  conveniently  demonstrated,  as  a  proof  of  the  increase  of  weight  at  the  expense  of 
air  and  of  its  transformation  into  the  solid  iron-rust. 

^*  For  the  purpose  of  experiment,  it  is  most  convenient  to  take  copper  carbonate,  pre- 
pared by  the  experimenter  himself,  by  adding  a  solution  of  sodium  carbonate  to  a  solution 
of  copper  sulphate.  The  precipitate  (deposit)  so  formed  is  collected  on  a  filter,  washed, 
and  dried.  The  decomposition  of  copper  carbonate  into  copper  oxide  is  effected  by  so 
moderate  a  heat  that  it  may  be  accompished  in  a  glass  vessel  heated  by  a  lamp.  For 
this  purpose  a  thin  glass  tube,  closed  at  one  end,  and  called  a  '  test  tube,'  may  be  em- 
ployed, or  else  a  vessel  called  a  '  retort.'  The  experiment  is  carried  on,  as  described  in  the 
third  example  above,  by  collecting  the  carbonic  anhydride  over  a  water  bath,  as  will  be 
afterwards  explained. 
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nbstance  is  also  obtained  by  heating  copper  to  redness  in  air — that  is, 
Lit  is  the  scoria  or  oxidation  product  of  copper.  The  weight  of  the 
J  black  oxide  of  copper  left  is  less  than  tliat  of  the  copper  rarboiiat« 
I-  originally  tnken,  nnd  therefore  we  eouNider  the  reaction  which  occurred 
)  to  have  been  one  of  decom position,  and  that  by  it  soinetliing  was  aepa- 
I  rated  from  the  green  copper  carltonate,  and  in  fact  by  closing  the  orifice 
I  of  the  vessel  in  which  the  copper  carbonate  is  heated  with  a  well- 
I  fitting  cork,  through  which  a  gas  delivery  tube''  passes  whose  end  is 
I  immersed  under  water,  it  will  be  observed  that  on  heating,  a  gas  is 
I  formed  which  bubbles  through  the  water.  This  gas  ciui  be  easily 
r  collected,  as  will  presently  be  descrilied,  and  it  will  be  found  to  esseu- 
I  tially  differ  froni  air  in  many  respects  ;  for  instance,  a  burning  taper 
L  is  extinguished  in  it  as  if  it  had  been  plunged  into  water.  If  weighing 
I  liad  not  provefl  to  us  that  some  suhstance  had  been  separated,  the 
I  formation  of  the  gas  might  easily  have  escaped  our  notice,  for  it  is 
Kcolourless  and  transparent  like  air,  and  is  therefore  evolved  without 
Dany  striking  feature.     The  citi-bonic  acid  gas  evolved  may  be  weighed  '" 

t&d  it  will  be  seen  that  the  sum  of  the  weights  of  the  black  copper 

lu  deliver;  lubea  itre  nanallr  iniulK  oi  glug  tubing  bb  prepiuvd  ikt  glass  worke.  It 
I  of  various  diBmeten  and  tliickneaiea.  If  of  gmall  diameter  and  IhickiivaB,  a  glasH 
niiilj  bent  bf  beating  in  a  giui  jet  or  the  flame  of  a,  spirit  lamp,  and  niBy  olan  Iw 
rilf  divided  at  a  giveu  point  by  miUiinx  a  dtiep  acratcb  witbu  file  and  then  btcokinK  th« 
Hobe  at  IIiiB  point  nilh  a  sharp  jerk.  TheBs  propertieB,  together  with  tbeii  impertueo- 
Oity,  tiaiupaisoi^y.  hitrdnifltB,  and  regularity  □(  bore,  maki^a  iiloaa  tabes  moct  usetu]  in 
perim^nta  with  gH)«8.  Natnrolly  they  might  be  Feplued  by  strnwa,  indio-nibbei, 
MUUic.  or  other  tubes,  but  them  an  more  ditKcnlt  to  Ci  ou  to  n,  reasel,  and  ore  Dot 
BUtirely  imperviDUs  to  gases.  A  glass  gas  deliTviy  tube  may  be  hermetically  fi>ed  into 
•sel  bf  fitting  it  into  a  perforated  tork,  which  should  he  ao!t  and  free  fion  flaws,  and 
g  the  cork  into  the  orifice  ut  the  vessel.  Sometimes  tlie  cork  is  previously  soaked  iu 
JBa,  or  it  IB  replaced  by  an  indio-rDbber  cork, 

*  Gaaes,  like  all  other  snbst&nces,  may  be  weighed,  bnt,  owing  to  their  eitteiiie  light- 

M  and  the  difGcnlty  of  dealing  with  them  in  large  masaes,  they  con  only  be  ireighed  by 

itive  balances  ;  that  is,  in  Buchaii,witli  a  considerable  1ml,  indicate  a  very  small 

in  weight — for  example,  a  conti^^rHm  or  miUigrom  with  a  load  of  1^000  gnune. 

to  weigh  a  gas,  a  glass  globe  furnished  with  a  *top-cock  (which  must  not  leak  in 

BWJ  put,  and  therefore  must  be  kept  well  lubricated)  is  first  of  all  eibauBt«d  of  air  by  an 

nfa'pnnlji  <a  Bprenge]  pnmp  is  the  heat).  The  stop-cock  is  then  dosed,  and  theeihausted 

Bjlobe  weighed.      As  the  pressare  of  tlie  atmosphere  acts  on  the  wallB  of  the  globes,  thej 

'boold  be  thick.    Glass  is  found  to  hear  the  straiu  of  the  inequality  of  tlie  eilerior  and 

ilerior  pressores  best-    If  the  gas  to  be  weighed  is  then  let  into  Ihe  globe,  its  weight 

a  be  dateimined  from  the  increase  in  tlie  weight  of  tlie  globe.      It  is  necessary,  how. 

r,  that  the  temperature  and  pressure  of  the  air  aboot  the  balance  should  remain 

aunt  lor  both  weighings,  as  the  weight  of  the  globe  in  sir  will  laccording  to  the  laws 

|f  bjdnMtatJo)  vary  with  ita  density,     Tlie  Tolnme  of  the  air  displaced,  and  its  weight, 

■t  therefore  be  delentiined  by  observing  the  temperature,  density,  and  moisture  of  the 

g  the  time  of  experiment.  Thiswillbe  portlyeiplainedlater,  but  maybe 

ietail  by  phyBics,     Owing  lo  the  complexity  of  all  these  opentioni.  tlie 

UHDally  delemiined  front  Its  volume  and  deu'^ity,  or  the  weight  of  one 


20  PRINCIPLES   OF  CHEMISTRY 

all  homogeneous  substances  may  be  classified  into  simple  and  compound 
substances.  This  view  was  introduced  and  established  as  a  scientific 
fact  during  the  lifetime  of  Lavoisier.  The  number  of  these  elements 
is  very  small  in  comparison  with  the  number  of  compound  substances 
which  are  formed  by  them.  At  the  present  time,  only  seventy  elements 
are  known  with  certainty  to  exist.  Some  of  them  are  very  rarely  met 
with  in  nature,  or  are  found  in  very  small  quantities,  whilst  others 
are  yet  doubtful.  The  number  of  elements  with  whose  compounds  we 
commonly  deal  in  everyday  life  is  very  small.  Elements  cannot  be 
transmuted  into  one  another — at  least  up  to  now  not  a  single  case  of 
such  a  transformation  has  been  met  with  ;  it  may  therefore  be  said 
that,  as  yet,  it  is  impossible  to  transmute  one  metal  into  another.  And 
as  yet,  notwithstanding  the  number  of  assays  which  have  been  made  in 
this  direction,  no  fact  has  been  discovered  which  could  in  any  way 
support  the  idea  of  the  complexity  of  those  indubitably -known  ele- 
ments*®— such  as  oxygen,  iron,  sulphur,  «fec.  Therefore,  from  its  con- 
ception, an  element  is  not  susceptible  to  reactions  of  decomposition. ^^ 

**  Many  ancient  philosophern  admitted  the  existence  of  one  elementary  form  of 
matter.  This  idea  still  appears  in  our  times,  in  the  constant  efforts  which  are  made  to 
redaoe  the  number  of  the  elements;  to  prove,  for  instance,  that  bromine  contains  chlorine 
or  that  chlorine  contains  oxygen.  Many  methods,  founded  both  on  experiment  and 
theory,  have  been  tried  to  prove  the  compound  nature  of  the  elements.  All  labour  in 
this  direction  has  as  yet  been  in  vain,  and  the  assurance  that  elementary  matter  is  not 
BO  homogeneous  (single)  as  the  mind  would  desire  in  its  first  transport  of  rapid  generali- 
sation is  strengthened  from  year  to  year.  At  all  events,  tliere  are  as  yet  no  experimental 
or  theoretical  evidences  of  the  compound  nature  of  our  elements.  With  the  methods 
and  evidence  now  at  our  disposal  it  is  impossible  to  even  imagine  the  possibility  of  a 
method  by  which  the  different  elements  could  be  formed  from  one  elementary  material. 
Cases  of  isomerism  and  of  polymerism  of  compound  substances  certainly  show  the  pos- 
sibility of  the  formation,  from  one  and  the  same  elements,  of  substances  with  different 
properties,  but  every  change  of  this  kind  is  completely  levelled  and  nullified  by  a  certain 
rise  in  temperature  by  which  every  isomeride  and  polymeride  is  converted  into  one 
variety  and  changes  its  original  properties.  All  our  knowledge  shows  that  iron  and 
other  elements  remain,  even  at  such  a  high  temperature  as  there  exists  in  the  sun,  as 
different  substances,  and  are  not  converted  into  one  common  material.  Admitting,  even 
mentally,  the  possibility  of  one  elementary  form  of  matter,  a  method  must  be  imagined 
by  which  it  could  give  rise  to  the  various  elements,  as  also  the  modus  operandi  of  their 
formation  from  one  material.  If  it  be  said  that  this  diversitnde  only  takes  place  at  low 
temperatures,  as  is  observed  with  isomerides,  then  there  would  be  reason  to  expect,  if  not 
the  transition  of  the  various  elements  into  one  particular  and  more  stable  form,  at  least 
the  mutual  transformation  of  some  into  others.  But  nothing  of  the  kind  has  yet  been 
observed,  and  the  alchemist's  hope  to  manufacture  (as  Berthollet  puts  it)  elements  has  no 
foundation  of  fact  or  theory. 

"  The  weakest  point  in  the  idea  of  elements  is  the  negative  character  of  the  determi- 
luitive  signs  given  them  by  Lavoisier,  and  from  that  time  ruling  in  chemistry.  They  do 
noC^ecompose,  they  do  not  change  into  one  another.  But  it  must  be  remarked  that 
•Iments  form  the  limiting  horizon  of  our  knowledge  of  matter,  and  it  is  always  difficult 
to  determine  a  positive  side  on  the  borderland  of  what  is  kno\ii-n.  But  all  the  same,  if 
not  for  all,  at  all  events  for  the  majority,  of  those  having  the  properties  of  metals,  there 
ia  e  series  of  positive  common  signs  (they  possess  a  particular  appearance  and  lustre, 
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The  quantity,  therefore,  of  each  element  remains  constant  in  all 
chemical  changes  ;  which  fact  may  be  deduced  as  a  consequence  of  the 
law  of  the  indestructibility  of  matter,  and  of  the  conception  of  elements 
themselves.  Thus  the  equation  expressing  the  law  of  the  indestructi- 
bility of  matter  acquires  a  new  and  still  more  important  signification. 
If  we  know  the  quantities  of  the  elements  which  occur  in  the  acting, 
it  may  be  compound,  substances,  and  if  from  these  substances  there 
proceed,  by  means  of  chemical  changes,  a  series  of  new  compound  sub- 
stances, then  the  latter  will  together  contain  the  same  quantity  of  each 
of  the  elements  as  there  originally  existed  in  the  reacting  substances. 
The  essence  of  chemical  change  is  embraced  in  the  study  of  how, 
and  with  what  substances,  each  element  is  combined  before  and  after 
change. 

In  order  to  be  able  to  express  various  chemical  changes  by  equations, 
it  has  been  agreed  to  represent  each  element  by  the  first  or  some  two 
letters  of  its  (Latin)  name.  Thus,  for  example,  oxygen  is  represented  by 
the  letter  O  ;  nitrogen  by  N  ;  mercury  (hydrargyrum)  by  Hg  ;  iron 
(ferrum)  by  Fe  ;  and  so  on  for  all  the  elements,  as  is  seen  in  the  tables 
on  page  24.  A  compound  substance  is  represented  by  placing  the 
symbols  representing  the  elements  of  which  it  is  made  up  side  by  side. 
For  example,  red  mercury  oxide  is  represented  by  HgO,  which  shows 
that  it  is  composed  of  oxygen  and  mercury.  Besides  this,  the  symbol 
of  every  element  corresponds  with  a  certain  relative  quantity  of  it  by 
weight,  called  its  *  combining '  weight,  or  the  weight  of  an  atom ;  so  that 
the  chemical  formula  of  a  compound  substance  not  only  designates  the 
nature  of  the  elements  of  which  it  is  composed,  but  also  their  quantita- 
tive proportion.  Every  chemical  process  may  be  expressed  by  an  equa- 
tion composed  of  the  formulse  corresponding  with  those  substances 
which  take  part  in  it  and  are  produced  by  it.  The  amount  by  weight 
of  the  elements  in  every  chemical  equation  must  be  equal  on  both  sides 
of  the  equation,  because  no  element  is  either  formed  or  destroyed  in  a 
chemical  change. 

On  pages  24,  25,  and  26  a  list  of  the  elements,  with  their  symbols 
and  combining  or  atomic  weights,  is  given,  and  we  shall  see  afterwards 
on  what  basis  the  atomic  weights  of  elements  are  determined.  At 
present  we  will  only  point  out  that  a  compound  containing  the  elements 
A  and  B  is  designated  by  the  formula  A^B*",  where  m  and  ?i  are  the 
coefificients    or  multiples  in   which    the    combining   weights    of    the 

they  conduct  an  electric  current  without  decomposing)  which  allow  them  to  be  distin- 
guished at  a  glance  from  other  kinds  of  matter.  Besides,  there  is  no  doubt  (from  the 
results  of  spectrum  analysis)  that  the  elements  are  distributed  as  far  as  the  most 
distant  stars,  and  that  they  support  the  highest  attainable  temperatures  without 
decomposing. 
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^lemonts  enter  into  the  composition  of  the  substance.  If  we  repre- 
sent the  combining  weight  of  the  substance  A  by  a  and  that  of  the 
substance  B  by  6,  then  the  composition  of  the  substance  A^B*  will  be 
expressed  thus  :  it  contains  twi  parts  by  weight  of  the  substance  A  and 
tnb  parts  by  weight  of  the  substance  B,  and  consecjuently  in  100  parts 

of  our  compound  there  is  contained percentage  parts  by  weight 

of  the  substance  A  and of  the  substance  B.     It  is  evident  that 

as  a  formula  shows  the  relative  amounts  of  all  the  elements  contained 
in  a  compound,  the  actual  weights  of  the  elements  contained  in  a  given 
weight  of  a  compound  may  be  calculated  from  its  formula.    For  example, 
the  formula  NaCl  of  table  salt  shows  (as  Na=23  and  01=35*5),  that  58*5 
lbs,  of  salt  contain  23  ll>s.  of  sodium  and  35*5  lbs.  of  chlorine,  and  that  100 
parts  of  it  contain  39*3  per  cent,  of  sodium  and  60*7  per  cent,  of  chlorine. 
What  has  been  said  alwve  clearly  limits  the  province  of  chemical 
changes,  because  from  substances  of  a  given  kind  there  can  be  obtained 
only  such  as  contain  the  same  elements.     But,  notwithstanding  this 
primary  limitation,  the  number  of  possible  combinations  is  infinitely 
great.     Only  a  comparatively  small   number  of  compounds  have  yet 
been  described  or  subjected  to  research,  and  any  one  working  in  this 
direction  may  easily  discover  new  compounds  which  had  not  before 
been  obtained.     It  often  happens,  however,  that  such  newly -discovered 
compounds  were  foreseen  by  chemistry,  whose  object  is  the  apprehension 
of  that  uniformity  which  rules  over  the  multitude  of  compound  sub- 
stances, and  whose  aim  is  the  comprehension  of  those  laws  which  govern 
their  formation  and  properties.     When  once  the  conception   of  ele- 
ments  had   been   established,  the  most  intimate  object  of  chemistry 
was  the  determination  of  the  properties  of  compound  substances  on  the 
basis  of  the  determination  of  the  quantity  and  kind  of  elements  of 
which  they  are  composed  ;  the  investigation  of  the  elements  themselves; 
the  determination  of  what  compound  sul>stances  can  l>e  formed  from 
each  element  and  the  properties  which  these  compounds  show  ;  and  the 
apprehension  of  the  nature  of  the  connection  between  the  elements  in 
different  compounds.     An  element  thus  serves  as  the  starting  point, 
and  is  taken  as  the  primary  conception  under  which  all  other  lx)dies 
are  embraced. 

When  we  state  that  a  certain  element  enters  into  the  composition 
<tf  a  given  compound  (when  we  say,  for  instance,  that  mercury  oxide 
contains  oxygen)  we  do  not  mean  that  it  contains  oxygen  as  a  gaseous 
substance,  but  only  desire  to  express  those  transformations  which 
mercury  oxide  is  capable  of  making  ;  that  is,  we  wish  to  say  that  it  is 
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possible  to  obtain  oxygen  from  mercury  oxide,  and  that  it  can  give 
up  oxygen  to  various  other  substances ;  in  a  word,  we  desire  only  to 
express  those  transformations  of  which  mercury  oxide  is  capable.      Or, 
more  concisely,  it  may  be  said  that  the  comjwsitiiyn  of  a  compound  is 
the  expression  of  those  transformations  of  which  it  is  capable.      It  is 
useful  in  this  sense  to  make  a  clear  distinction  between  the  conception 
of  an  element  as  a  separate  homogeneous  substance,  and  as  a  viaieruU 
but  invisible  part  of  a  compound.     Mercury  oxide  does  not  contain 
two  simple  bodies,  a  gas  and  a  metal,  but  two  elements,  mercury  and 
oxygen,  which,  when  free,  are  a  gas  and  a  metal.     Neither  mercury  as  a 
metal  nor  oxygen  as  a  gas  is  contained  in  mercury  oxide  ;  it  only  contains 
the  substance  of  these  elements,  just  as  steam  only  contains  the  sub- 
stance of  ice,  but  not  ice  itself,  or  as  com  contains  the  substance  of  the 
seed  but  not  the  seed  itself.     The  existence  of  an  element  may  be  recog 
nised  without  knowing  it  in  the  uncombined  state,  but  only  from  an  in- 
vestigation of  its  combinations,  and  from  the  knowledge  that  it  gives, 
under  all  possible  conditions,  substances  which  are  unlike  other  known 
combinations  of  substances.     Fluorine  is  an  example  of  this  kind.     It 
was  for  a  long  time  unknown  in  a  free  state,  and  was,  nevertheless,  recog- 
nised as  an  element  because  its  combinations  with  other  elements  were 
known,  and  their  difference  from  all  other  similar  compound  substances 
was  determined.     In  order  to  grasp  the  difference  between  the  con- 
ception of  the  visible  form  of  an  element  as  we  know  it  in  the  free 
state,  and  of  the  intrinsic  element  (or  *  radicle,'  as  Lavoisier  called  it) 
contained  in  the  visible  form,  it  should  be  remarked  that  compound 
substances  also  combine  together  forming  yet  more  complex  compounds, 
and  that  they  evolve  heat  in  the  process  of  combination.     The  original 
compound  may  often  be  extracted  from  these  new  compounds  by  exactly 
the  same  methods  as  elements  are  extracted  from  their  corresponding 
combinations.    Besides,  many  elements  exist  under  various  visible  forms 
whilst  the  intrinsic  element  contained  in  these  various  forms  is  some- 
thing which  is  not  subject  to  change.     Thus  carbon  appears  as  charcoal, 
graphite,  and  diamond,  but  yet  the  element  carbon  alone  contained  in 
each  is  one  and  the  same.     Carbonic  anhydride  contains  carbon,  and 
not  charcoal,  or  graphite,  or  the  diamond. 

Elements  alone,  although  not  all  of  them,  have  the  peculiar  lustre, 
opacity,  maUeability,  and  the  great  heat  and  electrical  conductivity 
which  are  proper  to  metals  and  their  mutual  combinations.  But 
elements  are  far  from  all  being  metals.  Those  which  do  not  possess 
the  physical  properties  of  metals  are  called  non-metals  (or  metalloids). 
It  is,  however,  impossible  to  draw  a  strict  line  of  demarcivtion  between 
metals  and  non-metals,   there  being  many   intermediary  substances. 
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Thus  graphite,  from  which  pencils  are  manufactured,  is  an  element 
with  the  lustre  and  other  properties  of  a  metal ;  but  charcoal  and  the 
diamond,  which  are  composed  of  the  same  substance  as  graphite,  do 
not  show  any  metallic  properties.  Both  classes  of  elements  are  clearly 
distinguished  in  definite  examples,  but  in  particular  cases  the  distinc- 
tion is  not  clear  and  cannot  serve  as  a  basis  for  the  exact  division  of 
the  elements  into  two  groups. 

At  all  events,  the  conception  of  elements  forms  the  basis  of  chemical 
knowledge,  and  if  we  give  a  list  of  them  at  the  very  beginning  of  our 
work,  it  is  that  we  wish  to  symbolise  the  condition  of  the  contemporary 
information  on  the  subject.  Altogether  about  seventy  elements  are 
now  authentically  known,  but  many  of  them  are  so  rarely  met  with  in 
nature,  and  have  been  obtained  in  such  small  quantities,  that  we  possess 
but  a  very  insufficient  knowledge  of  them.  The  substances  most  widely 
distributed  in  nature  contain  a  very  small  number  of  elements.  These 
elements  have  been  more  completely  studied  than  the  others  because  a 
greater  number  of  investigators  have  been  able  to  carry  on  experiments 
and  observations  on  them.  The  elements  most  widely  distributed  in 
nature  are  : — 

Hydrogen,     H  =1. 


Carbon, 

Nitrogen, 

Oxygen, 


C  =12. 
N  =U. 
O  =16. 


Sodium,  Na=23. 
Magnesium,  Mg=24. 
Aluminium,  Al  =27. 


In  water,  and  animal  and  vegetable  or- 
ganisms. 
In  organisms,  coal,  limestones. 

In  air  and  in  organisms. 

In  air,  water,  earth.     It  forms  the  greater 

part  of  the  mass  of  the  earth. 
In  common  salt  and  in  many  minerals. 
In  sea- water  and  in  many  minerals. 
In  minerals  and  clay. 
In  sand,  minerals,  and  clay. 
In  bones,  ashes  of  plants,  and  soil. 
In  pyrites,  gypsum,  and  in  sea- water. 
In   common  salt,  and  in  the  salts  of  sea- 
water. 
In  minerals,  ashes  of  plants,  and  in  nitre. 
In  limestones,  gypsum,  and  in  organisms. 
In  the  earth,  iron  ores,  and  in  organisms. 
Beside  these,  the  following  elements,  although  not  very  largely  dis- 
tributed in  nature,  are  all  more  or  less  well  known  from  their  applications 
to  the  requirements  of  everyday  life  or  the  arts,  either  in  a  free  state 
or  in  their  compounds  : — 

Lithium,  Li =7.     In  medicine  (LiaCOg),  and  in  photography  (LiBr). 
Boron,      B= 11.  As  Borax,  B4Na207,  and  as  boric  anhydride,  BjOj. 


Silicon,          Si 

=28. 

Phosphorus,  P 

=31. 

Sulphur,       S 

=32. 

Chlorine,      CI 

=35-5. 

Potassium,  K  =39. 
Calcium,  Ca  =40. 
Iron,  Fe  =56. 
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Fluorine, 

F    =19. 

• 

Chromium, 

Cr  =52. 

• 

Manganese, 

,  Mn=55. 

Cobalt, 

Co  =59, 

Nickel, 

Ni  =59. 

Copper, 

Cu=63. 

Zinc, 

Zn=65. 

Arsenic, 

As=75. 

Bromine, 

Br  =80. 

Strontium, 

Sr  =87. 

Silver, 

Ag=108. 

Cadmium, 

Cd=112. 

Tin, 

Sn=118. 

Antimony, 

Sb=122. 

Iodine, 

I    =127. 

Barium,  Ba=  1 37. 


=  iyt).\ 
=  197.1 


Platinum, 

Pt=196. 

Gold, 

Au=197. 

Mercury, 

Hg=200, 

Lead, 

Pb=207. 

Bismuth, 

Bi  =208. 

Uranium, 

U  =240. 

As  fluor  spar,  CaF2,  and  as  hydrofluoric 
acid,  HF. 

As  chromic  anhydride,  CrOs,  and  potas- 
sium dichromate,  K2Cr207. 

As  manganese  peroxide,  MnO.^, ,  and  po- 
tassium permanganate,  MnKO^. 

In  smalt  and  blue  glass. 

For  electro-plating  other  metals. 

The  well-known  red  metal. 

Used  for  the  plates  of  batteries,  roofing,  <S:c. 

White  arsenic,  As^Oj. 

A  brown  volatile  liquid ;  sodium  bromide, 
NaBr. 

In  coloured  fires  (BrN^Og). 

The  well-known  white  metal. 

In  alloys.     Yellow  paint  (CdS). 

The  well-known  metal. 

In  alloys  such  as  type  metal. 

In  medicine  and  photography  ;  free,  and  as 

KI. 
"  Permanent  white,"  and  as  an  adulterant 

in  white  lead,  and  in  heavy  spar,  BaS04. 
Well-known  metals. 


=207.) 

In  medicine  and  fusible  alloys. 
In  green  fluorescent  glass. 

The  compounds  of  the  following  metals  and  semi-metals  have  fewer 
applications,  but  are  well  known,  and  are  somewhat  frequently  met 
with  in  nature,  although  in  small  quantities  : — 


Beryllium, 

Be  =9. 

Palladium, 

,  Pd=106. 

Titanium, 

Ti  =48. 

Cerium, 

Ce  =140. 

Vanadium, 

V   =51. 

Tungsten, 

W  =184. 

Selenium, 

Se  =78. 

Osmium, 

Os=193. 

Zirconium, 

Zr  =90. 

Iridium, 

Ir=195. 

Molybdenum, 

Mo  ^96. 

Thallium, 

Tl=204. 

Tlie  following  rare  metals  are  still  more  seldom  met  with  in  nature 
and  are  not  yet  applied  to  the  arts,  but  have  been  studied  somewhat 
fuUy  :— 
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Hcttridium,     Sc=44.  Indium,  In  =  113. 

Oallium,        Ga=68.  Tellurium,      Te  =  125. 

Oermanium,  Ge=72.  Caesium,  C8=132. 

Hubidiuju,    Rb=85.  Lanthanum,  La;=138. 

Yttrium,       Y  =89.  Didymium,    Di==143. 

Niobium,      Nb=94.  Ytterbium,    Yb=173. 

Ruthenium,  Ru = 1 04.  Tantalum,      Ta  =  1 82. 

Rhodium,     Rh=104.  Thorium,        Th=234. 

Besides  these  66  elements  there  have  been  discovered  : — Erbium, 
Terbium,  Samarium,  Thullium,  Holmium,  Mosandrium,  Phillipium, 
Ve«bium,  Actinium,  and  several  others.  But  their  properties  and  com- 
binations, owing  to  their  extreme  rarity,  are  very  little  known,  and  even 
their  existence  as  independent  substances  ^®  is  doubtful. 

It  has  been  incontestably  proved  from  observ^ations  on  the  spectra 
of  the  heavenly  bodies  that  many  of  the  most  common  elements  (such 
as  H,  Na,  Mg,  Fe)  occur  on  the  far  distant  stars.  This  fact  confirms 
the  belief  that  those  forms  of  matter  which  appear  on  the  earth  as 
elements  are  widely  distributed  over  the  entire  universe.  But  why, 
in  nature,  the  mass  of  some  elements  should  be  greater  than  that  of 
others  we  do  not  yet  know. 

The  capacity  of  each  element  to  combine  with  one  or  another 
element,  and  to  form  compounds  with  them  which  are  in  a  greater  or 
less  degree  prone  to  give  new  and  yet  more  complex  substances,  forms 
the  fundamental  character  of  each  element.  Thus  sulphur  easily  com- 
bines with  the  metals,  oxygen,  chlorine,  or  carbon,  forming  stable  sub- 
stances, whilst  gold  and  silver  enter  into  combinations  with  difl5culty, 
and  form  unstable  compounds,  which  are  easily  decomposed  by  heat. 
Compounds,  and  also  elements,  may  be  divided  into  two  classes^ — those 
which  easily  enter  into  many  different  chemical  changes,  and  those  which 
enter  into  but  few  combinations,  which  are  characterised  by  their  small 
capacity  for  the  direct  formation  of  new,  more  complex  substances. 
The  cause  or  force  which  induces  substances  to  enter  into  chemical 
change  must  be  considered,  as  also  the  cause  which  holds  different 
substances  in  combination — that  is,  which  endues  the  substances 
formed  with  their  particular  degree  of  stability.  This  cause  or  force 
is  called  affinity  (affinitus,  affiniU,  verwandtschaft),  or  chemical  affinity.^ 

^  It  may  be  that  gome  of  them  are  compoundn  of  other  already-known  elements. 
Pure  and  incontestably  independent  compoundH  of  these  substances  are  unknown,  and 
some  of  them  have  not  even  been  separated  but  are  only  sup[>osed  to  exist  from  the 
results  of  spectroscopic  researches.  There  can  be  no  mention  of  such  contestable  and 
doubtful  elements  in  a  short  general  handbook  of  chemistry. 

^  This  word,  first  introduced,  if  I  mistake  not,  into  chemistry  by  Glauber,  is  based  on 
the  idea  of  the  ancient  philosophers  that  combination  can  only  take  place  when  the  sub- 
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As  this  force  must  be  regarded  as  exclusively  an  attractive  force, 
like  gravity,  many  writers  (for  instance,  Bergniann  at  the  end  of  the 
last,  and  Berthollet  at  the  beginning  of  this,  century)  supposed  affinity 
to  be  essentially  similar  to  the  universal  force  of  gravity,  from  which 
it  only  differs  in  that  the  latter  acts  at  observable  distances  whilst 
affinity  only  evinces  itself  at  the  smallest  possible  distances.      But 
chemical   affinity   cannot    be   entii-ely   identified    with   the   uni\'ersal 
attraction  of  gravity,  which  acts  at  observable  distances  and  which 
is  dependent  only  on  mass  and  distance,  and  not  on  the  quality  of  the 
material  on  which  it  acts,  whilst  it  is  by  the  quality  of  matter  that 
affinity  is  most  forcibly  influenced.     Neither  can  it  be  entirely  identi- 
fied with  cohesion,  which  gives  to  homogeneous  solid  substances  their 
crystalline  form,  elasticity,  hardness,  ductility,  and  other  properties, 
and  to  liquids  their  surface,  drop   formation,  capillarity,  and  other 
properties,  because  affinity  acts  between   the  component  parts  of   a 
substance  and  cohesion  on  a  substance  in  its  homogeneity,  although 
both  act  at  imperceptible  distances  (by  contact)  and  have  much  in 
common.     Chemical  force,  which  makes  one  substance  penetrate  into 
another,    cannot   be   entirely   identified   with   even   those   attracting 
forces  which  make  different  substances  adhere  to  eiich  other,  or  hold 
together  (as  when  two  plane-polished  surfaces  of  solid  substances  are 
brought  into  close  contact),  or  which  cause  liquids  to  soak  into  solids, 
or  adhere  to  their  surfaces,  or  gases  and  vapours  to  condense  on  the  sur- 
fsLces  of  solids.     These  forces  must  not  be  confoundeil  with  chemical 
forces,  which  cause  one  substance  to  penetrate  into  the  substance  of 
another  and  to  form  a  new  substance,  which  is  not  the  case  with 
cohesion.     But  it  is  evident  that  the  forces  which  determine  cohesion 
form  a  connecting-link  between  mechanical  and  chemical  forces,  be- 
cause they  only  act  by  intimate  contact  and  between  different  kinds  of 
matter.     For  a  long  time,  and  especially  during  the  first  half  of  this 
century,  chemical  attraction  and  chemical  forces  were  identified  with 
electrical  forces.    There  is  certainly  an  intimate  relation  between  them, 
for  electricity  is  evolved  in  chemical  reactions,  and  it,  in  its  turn,  has 
a  powerful  influence  on  chemical  processes — for  instance,  compounds 
are  decomposed  by  the  action  of  an  electrical  current.     But  the  exactly 
similar  relation  which  exists  between  chemical   phenomena  and    the 
phenomena  of  heat  (heat  being  developed  by  chemical  phenomena,  and 
heat  being  able  to  decompose  compounds)  only  proves  the  unity  of  the 
forces  of  nature,  the  capability  of  one  force  to  produce  and  to  be  trans- 

stanceB  combining  have  nomething  in  common — a  medium.  As  is  jjenerally  the  case, 
another  idea  evolved  itself  in  antiquity,  aiul  has  lived  until  now,  side  by  side  with  the 
first,  to  which  it  is  exactly  contradictory ;  this  considers  union  as  dependent  on  con- 
trast, on  polar  difference,  on  an  effort  to  fill  up  a  want. 
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fonned  into  others.  Therefore  the  identitication  of  chemical  force  with 
electricity  will  not  bear  experimental  proof.^^  As  of  all  the  (mole- 
cular) phenomena  of  nature  which  act  on  substances  at  immeasurably 
small  distances,  the  phenomena  of  heat  are  at  present  the  best  (com- 
paratively) known,  having  been  reduced  to  the  simplest  fundamental 
principles  of  mechanics  (of  energy,  equilibrium,  and  movement),  which, 
since  Newton,  have  been  subjected  to  strict  mathematical  analysis, 
it  is  quite  natural  that  an  effort,  which  has  been  particularly 
pronounced  during  recent  years,  should  have  been  made  to  bring 
chemical  phenomena  into  strict  correlation  with,  and  under  the  theory 
founded  on,  the  already  investigated  phenomena  of  heat,  without,  how- 
ever, aiming  at  any  identification  of  chemical  with  heat  phenomena. 
The  true  nature  of  chemical  force  is  still  a  secret  to  us,  just  as  is  the 
nature  of  the  universal  force  of  gravity,  and  yet  without  knowing  what 
gravity  really  is,  by  applying  mechanical  conceptions,  astronomical 
phenomena  have  been  subjected  not  only  to  exact  generalisation  but  to 
the  detailed  prediction  of  a  number  of  particular  facts  ;  and  so,  also, 
although  the  true  nature  of  chemical  ai!inity  may  be  unknown,  there 
is  reason  to  hope  for  considerable  progress  in  chemical  science  by 
applying  the  laws  of  mechanics  to  chemical  phenomena  by  means  of 
the  mechanical  theory  of  heat.  But  as  yet  this  portion  of  chemistry 
has  been  but  little  worked  at,  and  therefore,  while  forming  a  current 
problem  of   the  science,  it  is  treated  more  fully  in  that   particular 

^  Especially  concluHive  are  thone  cases  of  so-called  inetalepsis  (Dumas,  Laurent). 
Chlorine,  in  coinbiniiig  with  hydrogen,  forms  a  very  stable  substance,  called  *  hydrochloric 
acid,*  which  is  split  up  by  the  action  of  an  electrical  current  into  chlorine  and  hydrogen, 
the  chlorine  apiwaring  at  the  positive  and  the  hydrogen  at  the  negative  pole.  From  this 
electro-chemists  considered  hydrogen  to  be  an  electro-positive  and  clilorine  an  electro- 
n^pttive  element,  and  that  they  are  held  together  in  virtue  of  their  opposite  electric 
charges.  It  appears,  however,  from  metalepsis,  that  chlorine  can  replace  hydrogen  (and 
reversely  hydrogen  replaces  chlorine)  in  its  compounds  without  in  any  way  changing  the 
grouping  of  the  other  elements,  or  altering  their  chief  chemical  proi^erties.  Thus  the 
capacity  of  acetic  acid  to  form  salts  is  not  altered  by  replacmg  its  hydrogen  by  chlorine. 
Here  an  electro-positive  element  is  replaced  by  an  electro-negative  element,  which  is 
qoiie  contrary  to  the  electrical  theory  of  the  origin  of  chemical  attraction,  which  has  thus 
been  entirely  overthrown  by  the  facts  of  metalepsis.  We  must  remark,  whilst  consider- 
ing this  subject,  that  the  explanation  suggesting  electricity  as  the  origin  of  chemical 
phenomena  is  unsound  in  that  it  strives  to  explain  one  class  of  phenomena  whose  nature 
it  almost  unknown  by  another  class  which  is  no  better  known.  It  is  most  instructive  to 
remark  that  together  with  the  electrical  theor>'  of  chemical  attraction  there  arose  and 
aurnTee  a  view  which  explains  the  galvanic  current  as  being  a  transference  of  chemical 
AOlion  through  the  circuit — i.e.^  regards  the  origin  of  electricity  as  being  a  chemical  one.  It 
1ft  evident  that  the  connection  is  very  intimate,  but  both  kinds  of  phenomena  are  indepen- 
jgnl  ftiid  represent  different  forms  of  molecular  (atomic)  movement,  whose  real  nature  is 
BOl  fik  understood.  Nevertheless,  the  connection  between  the  i)henomena  of  both  cate- 
gOfJM  ift  not  only  in  itself  verj-  instructive,  but  it  extends  the  applicability  of  the  general 
Idea  d  *he  unity  of  the  forces  of  nature,  conviction  of  the  truth  of  which  has  held  so 
laqportant  a  place  in  the  science  of  the  last  ten  years. 
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province  which  is  termed  either  'theoretical' or  'physical'  chemistry,  or, 
hetter  atill,  chaniail  mffinnicn.  As  this  province  of  chemistry  re- 
quires a  knowledge  not  only  of  the  various  honio^neous  substAncea 
which  have  yet  been  obtained  rtnd  of  tlie  chemical  transfonnations  which 
they  undergo,  but  ulsii  of  the  pfaenotnenu  (of  heat  and  other  kinds)  by 
which  thcHB  transformations  are  acoompanied,  it  is  only  pcissible  to 
enter  <iii  the  study  of  chemical  mechnnica  after  an  ncquaintAnce  with 
the  fundamental  chemical  conceptions  and  substances  which  form  the 
subject  of  this  Ixjok." 

'"  I  winiofler  rlinl  in  ui  elemenUry  W«lbook  o(  chemiitry,  liho  the  preunt,  it  [•  onlj 
pouibl*  uid  lulTiMble  (o  mention,  in  ralvreuco  to  cbemiCKl  mcchuilci,  a  few  geuenU 
idou  and  some  paiticaUr  exumiile*  nlrrxing  more  especiull;  to  gowc.  whoie  mecluuiical 
Ibeory  muBt  be  regiir<led  at  the  moat  ntinplete.  Tl>e  malecnlar  mecliiiniPi  ol  liquida  and 
■olidi  ia  u  ;et  in  embryo,  and  contains  much  that  ia  dispDtable:  for  thia  rckion, 
diemioiJ  mwhauici  lia*  made  le«t  pmgreiia  in  relation  to  these  sabatancea.  It  ma;  not 
be  mpftrfltioiia  to  here  remark,  with  rcapect  to  the  conception  of  clteiitital  affinity,  that  ui> 
la  the  present  time  gravity,  electricity,  uiil  heat  have  been  respectively  applied  to  ila 
•ItMadatioo.  Effortii  have  aim)  been  made  to  introdnce  the  lumiaiferonB  ether  into 
theorttical  ehemiaUy.  and  nhoald  thul  connevtioa  between  the  pheuomeua  of  light  and 
•ledricity  whicii  waa  entablinlied  by  Maxwell  he  worked  oat  more  in  detail,  doabtlea* 
Iheae  effort*  to  elncidate  all  or  a  l^'eat  deal  by  the  iiii<lol  laminilerona  ether  will  yetaf^n 
appeal  in  Iheureticnl  chemistry.  An  independent  chemioal  niechaniea  of  the  material 
[Wrtide*  of  matter,  and  of  their  internal  (atomic)  chauges,  wunld,  in  my  opinion,  arise  ■■ 
the  reaah  of  these  uffiarts,  Jnal  as  the  progrees  inude  in  chemistry  in  the  time  of 
_I*Toiaiw  wu  redeeted  over  all  natural  seieuce,  no  there  ia  reaaon  to  think  that  an  in- 
uit  ebemieal  inechanica  wonlddied  a  new  light  on  all  molecular  meohanice.  which 
It  be  CDDsidered  a*  the  liindam«ntal  jiroblem  of  the  exact  sciences  in  out  times.  Two 
id  years  ago  Newton  laid  the  foundation  ol  a  truly  scientiflc  theoretical  mechanics 
f  external  vieible  nmrement,  and  erected  the  edifice  ol  celestiiil  mechanic*  on  this 
le  hundred  yeara  ago  Larniaier  arrived  at  the  first  fandiunenlAl  law  of  the 
dnble  particles  ol  matter.  This  tnbject  is  far  from  having  been 
■d  into  a  harmonious  wliole,  becanae  it  is  much  more  difHcult,  and,  although  many 
mpletely  investigated,  it  does  not  poasesa  any  starting  points. 
I'Kawloa  was  possible  only  after  Copemicua  end  Kepler,  wbo  had  discovered  the  txte- 
■«r  enipjiical  Mmplicitj  of  celestial  phenomena.  Lavoisier  and  Dalton  may,  in  respect 
»  Ibe  cliemical  mechanics  of  the  molcvular  world,  be  comjiared  to  Copernicus  ajid 
a  Newton  hsa  not  yet  ap|ieared  in  the  mnlecolar  world  ;  when  he  does,  I 
will  Hnd  thefaiidamentnlUwaaf  the  mechanicsof  the  invisible  motements 
isily  and  more  quickly  in  the  ohemical  slrnclore  of  matter  than  in 
■a  (of  electricity,  heat,  and  light),  lor  these  Utter  are  aucoiiipliahed  by 
idy.di«pOBed  particleH  of  matter,  whilst  it  ia  now  clear  tliat  the  prnbleia  o(  chemical 
'  fs  mainly  lies  in  the  appreliBniuon  of  those  movements  which  are  invisibly  n*. 
>d  by  the  smallest  atoms  of  matter.  The  general  law*  of  mechanics,  eatabli ah ed 
by  KvwIoB,  will  probably  serve  aa  atarting  points  lor  moleanlar  mechapics,  but  the 
indepaiideiiee  of  ita  range  becomes  more  evident  when  chemical  molecules  are  com- 
ftnil  with  the  celesUal  Hfstnma,  such  as  the  solar  system.  Chemical  atoms  may  be 
■  -d  as  aeparate  members  of  aneh  systems  liu,  lor  instance,  the  ann,  planets,  comet«, 
'  aienly  bixliesl,  whilst  (be  ether  of  light  may  be  likened  to  the  cosmic  dust 
it  donht  is  iliatrihoted  Ihroaghont  space.  The  present  condition  of  molecular 
.  to  a  I'ertain  extent,  copied  from  celeatial  mechuiics.  but  tliere  is  nothing  to 
n  the  entire  •liniihuity  of  both  worlds,  although  it  appears  to  the  mind  that,  starting 
ID  Iba  pdmary  element*  of  the  unity  of  creatjon,  such  a  repreaenUtion  is  the  most 
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As  the  chemical  changes  to  which  substances  are  liable  proceed 
from  internal  forces  proper  to  these  substances,  as  chemical  phenomena 
certainly  consist  of  movements  of  material  parts  (from  the  laws  of  the 
indestructibility  of  matter  and  of  elements),  and  as  the  investigation 
of  mechanical  and  physical  phenomena  proves  the  law  of  the  indeufnt^- 
tihiiify  o/j'orc**s,  or  the  conservation  of  energy — that  is,  the  possibility 
of  the  transformation  of  one  kind  of  movement  into  another  (of  visible 
or  mechanical  into  invisible  or  physical) — we  are  ineWtably  obliged  to 
acknowledge  the  presence  in  substances  (and  especially  in  the  elements 
of  which  all  others  are  composed)  of  a  store  of  chemical  energy  or  in- 
visible movement  inducing  them  to  enter  into  combinations.  If  heat  be 
evolved  in  a  reaction,  it  means  that  a  portion  of  chemical  energy  is 
transformed  into  heat  ;  '*  if  heat  be  absorbed  in  a  reaction,'^  that  it  is 

5*  The  theory  of  heat  gave  the  idea  of  a  store  of  internal  movement  or  energy,  and 
therefore  with  it,  it  became  uece^^sary  to  acknowledge  chemical  energy,  bnt  there  is  no 
ffoondation  whatever  for  identifying  heat  energy  with  chemical  energ}'.  It  may  be  sup- 
posed, bnt  not  positively  affirmed,  that  heat  movement  is  propter  to  molecules  and 
chemical  movement)*  to  atoms,  but  that  as  molecules  are  made  ap  of  atoms,  the  movement 
of  the  one  passes  to  the  other,  and  that  for  this  reason  heat  stroixgly  influences  reaction 
and  appears  or  disap|>ear!»  (is  absorbed)  in  reactions.  These  relations,  which  are 
apparent  and  hardly  subject  to  doubt  on  general  lines,  still  present  much  that  is  doubtful 
in  detail,  because  all  forms  of  molecular  and  atomic  movement  are  able  to  pass  into 
each  other.  On  broad  general  lines  it  must  be  acknowledged  that  as  mechanical  energy 
can  entirely  pass  into  heat  energy  <but  the  reverse  transition  is  accomplished  only 
l^urtially.  according  to  the  second  law  of  heat),  so  also  heat  energy  may  pass  into 
chemical  energj-.  but  it  is  doubtful,  and  even  unlikely,  that  chemical  energy  passes 
altogether  into  heat  energy.  Therefore,  the  heat  evolved  in  chemical  reactions  cannot 
M>rve  as  the  total  measure  of  chemical  energy,  more  especially  as  there  are  a  number  of 
reactions  of  combination  in  which  heat  is  absorbed ;  for  instance,  the  combination  of 
charcoal  with  sulphur  is  accompanied  by  an  absorption  of  heat — probably  because  the 
uH>leculesof  charcoal  are  complex,  and  those  of  carbon  bisulphide  less  so,  and  the  break- 
ing up  of  the  complex  molecules  of  charcoal  requires  a  large  absorption  of  heat  (whose 
measure  we  do  not  kno^r— and  whilst  the  combination  of  charcoal  with  sulphur  is  accom- 
l>anied  by  an  evolution  of  heat,  yet  we  only  obsene  the  difference  of  these  two  heat 
effects. 

'^  The  reactions  which  take  place  (at  the  ordinary  or  at  a  high  temperature)  directly 
between  sul^tanceH  may  \tti  clearly  divided  into  exothermal,  which  are  accompanied  by 
an  evolution  of  heat,  and  endothermal,  which  are  accompanied  by  an  absorption  of  heat. 
It  is  evident  that  the  latter  require  a  source  of  heat.  They  are  determined  either  by  the 
directly  surrounding  medium  (as  in  the  formation  of  carbon  bisulphide  from  charcoal  and 
»ol(thur,  or  in  de«om|Kj*itions  which  take  place  at  high  temperatures),  or  else  by  a 
^imultaneouitly  prfK*eding  secondary  reaction.  So,  for  instance,  hydrogen  sulphide  is 
dtfcomposefl  by  uAiuh  in  the  presence  of  water  at  the  expense  of  the  heat  which  is 
evolved  by  the  w^lntion  in  water  of  the  hydrogen  iodide  produced.  This  is  the  reason  why 
Ibis  reactirm.  a«  exothermal,  only  takes  place  in  the  presence  of  water ;  otherwise  it  would 
b«  accompanierl  by  a  cooling  effect.  As  in  the  combination  of  dissimilar  substances,  the 
Kmds  existing  l^etween  the  molecules  and  atoms  of  the  homogeneous  substances  have  to 
b«>  broken  asunder,  whilst  in  reactions  of  rearrangement  the  formation  of  any  one  sub- 
stance i)TOcee*ls  i^arallel  with  the  formation  of  another,  and,  as  in  reactions,  a  series  of 
p2iysical  and  mechanical  changes  take  place,  it  is  impossible  to  separate  the  heat  directly 
depending  on  a  given  reaction  from  the  total  sum  of  tlie  obser\-ed  heat  effect.     For  this 
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partly  transformed  (rendered  latent)  into  chemical  energy.  The  store 
of  force  or  energy  going  to  the  formation  of  new  compounds  may,  after 
several  combinations,  accomplished  with  an  absorption  of  heat,  at  last 
diminish  to  such  a  degree  that  indifferent  compounds  will  be  obtained, 
although  these  sometimes,  by  combining  with  energetic  elements  or 
compounds,  give  more  complex  compounds,  which  may  be  capable  of 
entering  into  chemical  combination.  Among  elements  gold,  platinum, 
and  nitrogen  have  but  little  energy,  whilst  potassium,  oxygen,  and 
chlorine  have  a  very  marked  degree  of  energy.  When  dissimilar  sub- 
stances enter  into  combination  they  often  form  substances  of  diminished 
energy.  Thus  sulphur  and  potassium  when  heated  easily  burn  in  air, 
but  when  combined  together  their  compound  is  neither  inflammable  nor 
burns  in  air  like  its  component  parts.  Part  of  the  energy  of  the 
potassium  and  of  the  sulphur  was  evolved  in  their  combination  in  the 
form  of  heat.  Just  as  in  the  passage  of  substances  from  one  physical 
state  into  another  a  portion  of  their  store  of  heat  is  absorbed  or 
evolved,  so  in  combinations  or  decompositions  and  in  every  chemical 
process,  there  occurs  a  change  in  the  store  of  chemical  energy,  and  at 
the  same  time  an  evolution  or  absorption  of  heat.^^ 

For  the  comprehension  of  chemical  phenomena  in  a  mechanical 
sense — i,e.,  in  the  study  of  the  modus  operandi  of  chemical  phenomena — 
it  is  at  the  present  time  most  important  to  consider  :  (1)  the  facts 
gathered  from  stoichiometry,  or  that  part  of  chemistry  which  treats  of 
the  quantitative  relation,  by  weight  or  volume,  of  the  reacting  sub- 
stances ;  (2)  the  distinction  between  the  different  forms  and  classes  of 
chemical  reactions  ;  (3)  the  study  of  the  changes  in  properties  produced 
by  alteration  in  composition  ;  (4)  the  study  of  the  phenomena  which 
accompany  chemical  transformation  ;  (f))  a  generalisation  of  the  con- 
ditions under  which  reactions  occur.  As  regards  stoichiometry,  this 
branch  of  chemistry  has  been  worked  out  most  thoroughly,  and  embraces 
laws  (of  Dalton,  Avogadro-Gerhardt,  and  others)  which  bear  so  deeply 
on  all  parts  of  chemistry  that  its  entire  contemporary  standing  may  be 

reason,  thermo-chemical  data  are  very  complex,  and  cannot  by  themselves  give  the  key 
to  many  chemical  problems,  as  it  was  at  first  supposed  they  migl^t.  They  ought  to  fojrm 
a  part  of  chemical  mechanics,  but  alone  they  do  not  constitute  it. 

^  As  chemical  reactions  are  effected  by  heating,  so  the  heat  absorbed  by  substances 
before  decomposition  or  change  of  state,  and  called '  specific  heat,'  goes  in  many  cases  to  the 
preparation,  if  it  may  be  so  expressed,  of  reaction,  even  when  the  limit  of  the  temperature 
of  reaction  is  not  attained.  The  molecules  of  a  substance  A,  which  is  able  to  react  on  a 
substance  B  below  a  temperature  t  by  being  heated  from  a  somewhat  lower  temperature  to 
tf  undergoes  that  cliange  which  had  to  be  arrived  at  for  the  formation  of  A  B.  This 
idea  is  often  extended  ;  fojr  instance,  it  is  supposed  that  a  given  substance  in  its  passage 
from  a  liquid  to  a  gaseous  state  gives  chemically  or  materially  new,  lighter,  and  simpler 
molecules  (is  depolymerised,  according  to  De  Uaen). 
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characterised  as  the  epoch  of  their  circumstantial  application  to  par- 
ticular cases.     The  expression  of  the  quantitative  (volumetric  or  gravi- 
metric) composition  of  substances  now  forms  the  most  imp<:>rtant  pro- 
blem of  chemical  research,  and  therefore  the  entire  further  exposition 
of  the  subject   is   subordinate  to  stoichiometrical   laws.     All   other 
branches  of  chemistry  are  clearly  subordinate  to  this  most  important 
portion  of  chemical  knowledge.     Even  the  very  signification  of  re- 
actions of  combination,  decomposition,  and  rearrangement,  acquired,  as 
we  shall  see,  a  particular  and  new  character  under  the  influence  of  the 
progress  of  exact  ideas  concerning  the  quantitative  relations  of  sub- 
stances entering  into  chemical  changes.     Furthermore,  in  this  sense 
there  arose  a  new — and,  up  to  then,  unknown — division  of  compound 
substances  into  de^nite  and  indefinite  compounds.  Even  at  the  beginning 
of  this  centui-y,  Berthollet  had  not  made  this  distinction.     But  Prout 
showed  that  a  number  of  compounds  contain  the  substances  of  which 
they  are  composed  and  into  which  they  break  up,  in  exact  definite  pro- 
portions by  weight,  which  are  unalterable  under  any  conditions.     Thus, 
for  example,  red  mercury  oxide  contains  sixteen  parts  by  weight  of 
oxygen  for  every  200  parts  by  weight  of  mercury,  which  is  expressed 
by  the  formula  HgO.     But  in  an  alloy  of  copper  and  silver  one  or  the 
other  metal  may  be  added  at  will,  and  in  an  aqueous  solution  of  sugar, 
the  relative  proportion  of  the  sugar  and  water  may  be  altered  and 
nevertheless  a  homogeneous  whole  with  the  sum  of  the  independent 
properties  will  be  obtained — i.e.,  in  these  cases  there  was  indefinite 
chemical  combination.     Although  in  nature  and  chemical  practice  the 
formation  of  indefinite  compounds  (such  as  alloys  and  solutions)  plays 
as  essential  a  part  as  the  formation  of  definite  chemical  compounds,  yet^ 
as  the  stoichiometrical  laws  at  present  apply  chiefly  to  the  latter,  all 
facts  concerning  indefinite  compounds  sufler  from  inexactitude,  and  it 
is  only  during  recent  years  that  the  attention  of  chemists  has  been 
directed  to  this  province  of  chemistry. 

In  chemical  mechanics  it  is,  from  a  qualitative  point  of  view,  very  im- 
portfint  to  clearly  distinguish  at  the  very  beginning  between  reversible  and 
twn-reversihle  renctiotis.  One  or  several  substances  capable  of  reacting  on 
each  other  at  a  certain  temperature  produce  substances  which  at  the  same 
temperature  either  can  or  cannot  give  back  the  original  substances.  For 
example,  salt  dissolves  in  water  at  the  ordinary  temperature,  and  the 
solution  so  obtained  is  capable  of  breaking  up  at  the  same  tempei'ature, 
leaving  salt  and  separating  the  water  by  evaporation.  Carbon  bisul- 
phide is  formed  from  sulphur  and  carbon  at  the  same  temperature  at 
which  it  can  Ije  resolved  into  sulphur  and  carbon.  Iron,  at  a  certain 
temperature,  separates  hydrogen  from  water,  fonning  iron  oxide,  which, 
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in  contact  with  hydrogen  at  the  same  temperature,  is  able  to  produce 
iron  and  water.     It  is  evident  that  if  two  substances,  A  and  B,  give 
two  others  C  and  D,  and  the  reaction  be  reversible,  then  C  and  D  will 
form  A  and  B,  and,  consequently,  by  taking  a  definite  mass  of  A 
and  B,  or  a  corresponding  mass  of  C  and  D,  we  shall  obtain,  in  each 
case,  all  four  substances — that  is  to  say,  there  will  be  a  state  of  cJieinical 
equilibrium  between  the  reacting  substances.     By  increasing  the  mass 
of  one  of  the  substances  we  obtain  a  new  condition  of  equilibrium,  so 
that  reversible  reactions  present  a  means  of  studying  the  injiiien^x  of 
tnass  on   the  modus  operandi  of  chemical  changes.     Many  of  those 
reactions  which  occur  with  very  complicated  compounds  or  mixtures 
may  serve  as  examples  of  non -reversible  reactions.     Thus  many  of  the 
compound  substances  of  animal  and  vegetable  organisms  are  broken 
up  by  heat,  but  cannot  be  re-fonned  from  their  products  of  decomposi- 
tion at  any  temperature.     Gunpowder,  as  a  mixture  of  sulphur,  nitre, 
and  carbon,  on  burning,  forms  gases  from  which  the  original  substances 
cannot  be  re-formed  at  any  temperature.     In  order  to  obtain  them,  re- 
course must  be  had  to  an  indirect  method  o/ combination  at  the  moment 
of  separation.     If  A  does  not  under  any  circumstances  combine  dii-ectly 
with  B,  it  does  not  imply  that  it  cannot  give  a  compound  A  B.     For 
A  can   often  combine  with  C  and   B  with  D,  and  if  C  has  a  great 
affinity  for  D,  then  the  reaction  of  A  C  on  B  D  produces  not  only  C  D, 
but*  also  A  B.     As  on  the  formation  of  C  D,  the  substances  A  and  B 
(previously  in  A  C  and  B  D)  are  left  in  a  peculiar  state  of  separation, 
it  is  supposed  that  their  mutual  combination  occurs  because  they  meet 
together  in  this  nnacent  state  at  the  moment  of  separation  (in  statu 
lUMceiidi).     Thus  chlorine   does  not  directly  combine  with  charcoal, 
graphite,  or  the  diamond,  nevertheless  there  are  compounds  of  chlorine 
with  carbon  and  many  of  them  ai-o  distinguished  hy  their  stability. 
They  are  obtained  during  the  action  of  chlonne  on  hydrocarbons,  as 
the  separati(m  products  from  the  direct  action  of  chlorine  on  hydrogen. 
Chlorine  takes  up  the  hydrogen,  and  the  freed  carbon  at  the  moment 
of  its  separation  enters  into  combination  with  another  portion  of  the 
chlorine,  so  that  in  the  end  the  chlorine  is  combined  with  both  the 
hydrogen  and  the  carbon.*"*' 

^  It  is  i>osHible  to  imaj?ine  that  the  cause  of  a^eat  many  of  such  reactions  is,  that  sub- 
Biancen  taken'  in  a  8e|>arate  state,  for  instance,  charcoal,  present  a  complex  molecule 
composed  of  Hcparate  atoms  of  carlx)n  which  are  fastened  together  (united,  as  is  usually 
•aid)  by  a  considerably  affinity;  for  atoms  of  the  same  kind,  just  like  atoms  of  different 
kindft,  possess  a  mutual  affinity.  The  affinity  of  chlorine  for  carbon,  although  unable 
to  break  this  bond  asunder,  may  be  sufficient  to  form  a  stable  compound  with  already 
separate  atoms  of  carbon.  Such  a  view  of  the  subject  presents  a  hypothesis  which, 
although  dominant  at  present,  is  without  sufficiently  firm  foundation.     Were  the  matter 
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Am  n^K'^t**!'*  those  phenomena  which  accompany  chemical  action,  the 
inont  inUM>rtnnt  circumstance  in  reference  to  chemical  mechanics  is  that 
ttot  only  do  cliemical  processes  produce  a  mechanical  displacement  (a 
vUiMn  iliMturhance),  heat,  light,  electrical  potential  and  current  ;  but 
ihnt  111)  I  ht^NO  agents  are  themselves  capable  of  changing  and  governing 
oltntiilnivl  trimMformations.  This  reciprocity  or  reversibility  naturally 
tlrtptindM  on  tho  ffict  that  all  the  phenomena  of  nature  are  only  different 
UIikIm  ittid  formH  of  visible  and  invisible  (molecular)  movement.  First 
nnuiMli  and  th(in  light,  was  shown  to  consist  of  vibratory  movements,  as 
(lin  hiWM  of  jiJiysics  have  proved  and  developed  beyond  a  doubt.  Then, 
til*)  iMiiiniMttion  l)etween  heat  and  mechanical  motion  and  work  has 
((»ihi»ikI  U>  l>f)  f^  supposition,  but  has  become  a  known  fact,  and  the 
ffiaithatiical  equivalent  of  heat  (424  kilogrammetres  of  mechanical  work 
in ttr hn\unu\  with  one  kilogram  unit  of  heat  or  Calorie)  gives  a  mecha- 
filial  inoaMure  for  heat  phenomena.  Although  the  mechanical  theory 
Iff  nlm^trifal  phenomena  cannot  be  considered  so  fully  developed  as  the 
(.titiory  of  Jieat,  nevertheless  there  can  be  no  doubt  but  that  the  elec- 
M'U'al  htate  of  substances,  and  electric  or  galvanic  currents,  represent  a 
jiHimliar  form  of  motion  ;  more  especially  as  both  statical  and  dyna- 
li tidal  electricity  are  produced  by  mechanical  means  (in  common  elec- 
t  I'lnal  machines  or  in  Gramme  or  other  dynamos),  and,  as  conversely,  a 
iturrtMit  (in  electric  motors)  can  produce  mechanical  motion,  as  heat 
produces  motion  in  heat  (steam,  gas,  or  air)  engines.  Thus  by  passing 
a  current  through  the  poles  of  a  Gramme  dynamo  it  may  be  made 
to  revolve,  and,  conversely,  by  revolving  it  an  electrical  current  is 
pro<luced,  which  demonstrates  the  reversibility  of  electricity  into 
iiu^rhanical  motion.  Therefore,  chemical  mechanics  must  look  for  the 
fundamental  lines  of  its  advancement  in  the  correlation  of  chemical 
witli  physical  and  mechanical  phenomena.  But  this  subject,  owing  to 
its  complexity  and  comparative  novelty,  has  not  yet  been  subjected  to 
a  liarmonious  theory,  or  even  to  a  satisfactory  hypothesis,  and  there- 
fore we  shall  avoid  lingering  over  it. 

A  chemical  change  in  a  certain  direction  is  accomplished  not  only 

uri  simple  as  it  appears  to  be,  according  to  this  hypothesis,  one  would  exi>ect,  for 
instance,  that  the  compounds  of  carbon  with  chlorine  would  be  easily  decomposable  by 
reason  of  the  supposed  considerable  affinity  of  the  separate  atoms  of  carbon,  which  should 
tlierefore  tend  to  mutual  combination  and  the  formation  of  charcoal.  It  is  evident,  how- 
<«ver,  that  not  only  does  reaction  itself  consist  of  movements,  but  that  in  fhe  compound 
formed  (in  the  molecules)  the  elements  (atoms)  forming  it  are  in  harmonious  stable  move- 
ment (like  the  planets  in  the  solar  system),  and  this  movement  will  affect  the  stability 
and  capacity  for  reaction,  and  therefore  these  depend  not  only  on  the  affinity  of  the 
participating  substances,  but  also  on  the  conditions  of  reaction  which  change  the  state  of 
movement  of  the  elements  in  the  molecules,  as  well  as  on  the  nature,  form,  and  inten- 
sity of  those  movements  which  the  elements  have  in  their  given  state.  In  a  word,  the 
mechanical  side  of  chemical  action  must  be  exceedingly  complex. 
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by  reason  of  the  difference  of  masses,  the  composition  of  the  sub- 
stances concerned,  the  distribution  of  their  parts,  and  their  affinity  or 
chemical  energy,  but  also  by  reason  of  the  conditio7is  under  which  the 
substances  occur,  and  these  conditions  differ  for  every  particular  reac- 
tion. In  order  that  a  certain  chemical  reaction  may  take  place  between 
substances  which  are  capable  of  reacting  on  each  other,  it  is  often 
necessary  to  have  recourse  to  conditions  which  are  sometimes  very 
different  from  those  in  which  the  substances  usually  occur  in  nature. 
For  example,  not  only  is  the  presence  of  air  (oxygen)  necessary  for  the 
combustion  of  charcoal,  but  the  latter  must  also  be  heated  to  redness. 
The  red-hot  portion  of  the  charcoal  bums — i.e.,  combines  with  the 
oxygen  of  the  atmosphere— -and  in  doing  so  evolves  heat,  which  heats 
the  adjacent  parts  of  charcoal,  which  are  thus  able  to  burn.  Just  as 
the  combustion  of  charcoal  is  dependent  on  its  being  heated  to  red- 
ness, so  also  every  chemical  reaction  only  takes  place  under  certain 
physical,  mechanical,  or  other  conditions.  The  following  are  the 
chief  conditions  which  exert  an  influence  on  the  progress  of  chemical 
reactions. 

(a)  Temjyeratiire. — Chemical  reactions  of  combination  only  take 
place  within  certain  definite  limits  of  temperature,  and  cannot  be 
accomplished  outside  these  limits.  As  examples  we  may  cite,  not  only 
that  the  combustion  of  charcoal  begins  at  a  red  heat,  but  also  that 
chlorine  and  salt  only  combine  with  water  at  a  temperature  below  0°. 
These  compounds  cannot  be  formed  at  a  higher  temperature,  for  they 
are  then  wholly  or  partially  broken  up  into  their  component  parts. 
A  certain  rise  in  temperature  is  necessary  to  start  combustion.  In 
certain  cases  the  effect  of  this  rise  may  be  explained  as  causing  one 
of  the  reacting  bodies  to  change  from  a  solid  into  a  liquid  or  gaseous 
form.  The  transference  into  a  fluid  form  facilitates  the  progress  of 
the  reaction,  because  it  aids  the  intimate  contact  of  the  particles  acting 
on  each  other.  Another  reason,  to  which  must  be  ascribed  the  chief 
influence  of  heat  in  exciting  chemical  action,  is  that  the  physical  cohe- 
sion, or  the  internal  chemical  union,  of  homogeneous  particles  is  thereby 
weakened,  and  therefore  the  separation  of  the  particles  of  the  sub- 
stances taken,  and  their  transference  into  new  compounds,  is  rendered 
easier.  When  a  reaction  absorbs  heat — as  in  decomposition,  wJiere  the 
heat  is  transformed  into  latent  chemical  energy — the  reason  whj*  heat 
is  necessary  is  self-evident. 

It  is  most  important  to  observe  the  effect  of  an  elevation  of  tem- 
perature on  all  compounds,  as  there  is  reason  to  believe  that  they  ^vre 
all  decomposed  at  a  more  or  less  high  temperature.  We  have  already 
seen  examples  of  this  in  describing  the  decomposition  of  mercury  oxide 
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(July  a  cerUiin  lfa<;*.i«/i  <»t  M**-  «uUKUtn'^  i-  CH^/omiH«»'<*.  XIM-  nsan?  iwi 
tioii  iviiiiiinif»j!  uii«^iiaiijs»f*  unc  if  ti**-  •*fmjieninir^  *»^  rmiaf^ -ai;-  gnu 
titv  of  the  ftui^laii*;*   *  i*^j*j\uyMi^x    ui'.-^^-v*  :  fi:rdH?m»irf^  inr  &  c^ 

\oluiii*-  the  liiti*^  i>-*H^«5ei.  Ut*-  yki.r  '^*-*r'»UiI»'>^  aUCl  Til*-  JUfcTI  n»fcZn«^ 
«;4>rn.-.j^>ii<i-  ^wt  li  «^ei  ***riMir*>  n***  ::.  ♦u*':j  p»fni*  ur*-  crTil  n  r»flfcci**f  iJu 
at  whirii  '«.<  viiiij/'/i.'U'.  jf  »*••.:* -^  'j*--'*!!.':*'^'^-!.  Tliii^  jUkTuSikl  Sftf*:!! 
positioti   Uli^lei    lii*     jif!W«i«>r    '/f    r»*A*v  :>.    '-l...j*^':    Otlst*'r'4^r,f.j^       Ix     i*in 

hihU'  t<j  dibtiiixuifth  «>•:••*  »*i-  Vi*-  voLj'^TJiTiLpe*  kt  "irLac-li  disS'Xafc'ri: 
Ui^iiij-  iu>«l  iMi^lh  >>hw»0  v.i>i//'-i;<ti'i:-  ji'V-^HHri  a-i  n  oertain  t^ciijtfTLTxr^ 
yot  hhoui«i  tli«  j>»«/(iu«'»  V  j'f'/'  V'-**  '^  o*-'r*xii}«os:t5c*n  iioi  w-rnii.  i 
«M^jitiw'  ^iili  tlii-  .i».!.  v'j'u^/y  jyz-^i  ]//rti'»ij  of  the  o:»iLip:*ci>.iL  tr^ 
4»u  •iu.j/<*,-.u  io»i  v»jj  /',  '/f  ''y  'fi*-  er  rj  Thu%  ]:tD*^tone  is  «i€0>m^*f5* 
ill  it  liiml-jji  iit^/j  n*t»*  *.*.,',  ' i,f*ttr..t*:  /'j/ifjv/jnd*-.  ^jhcaxk^  the  lAT'«^r 
tajjK'l  'ytt  Ia  ».)*<  ';#,.. v/f.»  ';f  *K<'  i^irtiii'-^.  But  if  a  certain  3:^^^^  < 
hiJM  ftt/^/in  l/<  k'i\.' .',t^n  it.  ii  *U'in.i^d'  vol ij III*' --for  instance,  in  a  ^tj 
i>^iiHl  ^\n*\t  »/  O,' r  .-^itUfl  uy.  ;»fi'I  h''at<^l  to  redness,  then,  as  x\ 
I  iii't>'/i>i«  .o.i*^'!**'**  'von'/*  m/ it^M  it.  certain  proportion  only  of  tl 
lim4-.-*<-o<i«  vvj..  »/i  tu*  ffin^ftt.tA  f//r  #'very  jnen-ffient  of  heat  (rise  in  ten 
|irj,ii  Jij' y  J.yl^i  *  ^\,tn,  iSw*  ti*  -/^iM  h 'h>t-'y>''iation  Ix'^ns.  Decrmipositic 
will  ^*o  '  »'h'/,  M>*-  'ttf\ft,fit'  Mfiliydrirle  #- vol vwl  presents  a  maximal 
tlin0in  inh'.n  i>t n>»nf'  ' /#rM  :'|»'/ri'linjf  with  #'tieh  riw^  in  teui[>ei'ature. 
iIm  jiM  .  >tn  \,t  ttfitift.'tfl  hy  MiereoHiriK  <  he  ijuaiitity  of  gas,  then  cod 
hK^iMoi'  h^(/)o-  MffMih  ,  if  Mm*  |rreii<(iire  l>e  (liininiMhed  decompositic 
will  n  f  tnnHtt  ttt  t.  |f^^ornpol«ilioM  in  \\i\n  ciiM'  iH  exactly  similar  1 
ti\ik\inhi^hh  ,  )f  l\ih  KtwifM  i^ivMi  oil   hy  evaporation  cannot  escape,  i 
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pressure  will  reach  a  maximum  corresponding  with  the  given  tempera- 
ture, and  then  evaporation  will  cease.  Should  steam  be  added  it  will 
be  condensed  in  the  liquid  ;  if  its  quantity  be  diminished — i.e.,  if  the 
pressure  be  lessened,  the  temperature  being  constant — then  evaporation 
will  go  on.  We  shall  afterwards  discuss  more  fully  these  phenomena  of 
dissociation,  which  were  first  discovered  by  Henri  St.  Claire  Deville. 
We  will  only  remark  that  the  products  of  decomposition  re-combine 
with  greater  facility  the  nearer  their  temperature  is  to  that  at  which 
dissociation  begins,  or,  in  other  words,  that  the  initial  temperature  of 
dissociation  is  near  to  the  initial  temperature  of  combination. 

(6)  The  influence  of  an  electric  current,  and  of  electricity  in  general, 
on  the  progress  of  chemical  transformations  is  very  similar  to  the 
influence  of  heat.  The  majority  of  compounds  which  conduct  elec- 
tricity are  decomposed  by  the  action  of  a  galvanic  current,  and  there 
being  great  similarity  in  the  conditions  under  which  decomposition  and 
combination  proceed,  combination  often  proceeds  under  the  influence 
of  electricity.  Electricity,  like  heat,  must  be  regarded  as  a  peculiar 
form  of  molecular  motion,  and  all  that  which  refers  to  the  influence  of 
heat  also  refers  to  the  phenomena  produced  by  the  action  of  an  electrical 
current,  only  with  this  diflference,  that  a  substance  can  be  separated 
into  its  component  parts  with  much  greater  ease  by  electricity,  as  the 
process  goes  on  at  the  ordinary  temperature.  The  most  stable  com- 
pounds may  be  decomposed  by  this  means,  and  a  most  important  fact 
is  then  observed — namely,  that  the  component  parts  appeivr  at  the 
different  poles  or  electrodes  by  which  the  current  passes  through  the 
substance.  Those  substances  which  appear  at  the  positive  pole  (anode) 
are  called  *  electro-negative,'  and  those  which  appear  at  the  negative 
pole  (cathode,  that  in  connection  with  the  zinc  of  an  ordinary  galvanic 
batteiy)  are  called  *  electro-positive.'  The  majority  of  non-metallic 
elements,  such  as  chlorine,  oxygen,  ii:c.,  and  also  acids  and  substances 
analogous  to  them,  belong  to  the  first  group,  whilst  the  metals,  hydro- 
gen, and  analogous  products  of  decomposition  appear  at  the  negative 
pole.  Chemistry  is  indebted  to  the  decomposition  of  compounds  by  the 
electric  current  for  many  most  important  discoveries.  Many  elements 
have  been  discovered  by  this  method,  the  most  important  l)eiiig  potas- 
sium and  sodium.  Lavoisier  and  the  chemists  of  his  time  were  not 
able  to  decompose  the  oxygen  compounds  of  these  metals,  but  Davy 
showed  that  they  might  be  decomposed  by  an  electric  current,  the 
metals  sodium  and  potassium  appearing  at  the  negative  pole. 

(c)  Certain  unstable  compounds  are  also  decomprjsed  by  t/ip  action  of 
light.  Photography  is  Imsed  on  this  property  in  certain  substances  (for 
instance,  in  the  salts  of  silver).     Tiie  mechanical  energy  of  those  vibra- 


38  PRINCIPLES   OF  CHEMISTRY 

tions  which  determine  the  phenomena  of  light  is  very  small,  and  there- 
fore only  certain,  and  these  generally  unstable,  compounds  can  be  decom- 
posed by  light — at  least  under  ordinary  circumstances.  But  there  is 
one  class  of  chemical  phenomena  dependent  on  the  action  of  light 
which  forms  as  yet  an  unsolved  problem  in  chemistry — these  are  the 
processes  accomplished  in  plants  under  the  influence  of  light.  Here 
there  take  place  most  unexpected  decompositions  and  combinations, 
which  are  often  unattainable  by  artificial  means.  For  instance,  carbonic 
anhydride,  which  is  so  stable  under  the  influence  of  heat  and  electricity, 
is  decomposed,  and  evolves  oxygen  in  plants  under  the  influence  of 
light.  In  other  cases,  light  decomposes  unstable  compounds,  such  as 
are  usually  easily  decomposed  by  heat  and  other  agents.  Chlorine 
combines  with  hydrogen  under  the  influence  of  light,  which  shows  that 
combination,  as  well  as  decompositioji,  can  be  determined  by  its  action, 
as  was  likewise  the  case  with  heat  and  electricity. 

(d)  MecJianical  effects  exert,  like  the  foregoing  agents,  an  action 
both  on  the  process  of  chemical  combination  and  of  decomposition. 
Many  substances  are  decomposed  by  friction  or  by  a  blow — as,  for 
example,  the  compound  called  iodide  of  nitrogen  (which  is  composed  of 
iodine,  nitrogen,  and  hydrogen),  and  silver  fulminate.  Mechanical 
friction  causes  sulphur  to  burn  at  the  expense  of  the  oxygen  contained 
in  potassium  chlorate. 

{e)  Besides  the  various  conditions  which  have  been  enumerated 
above,  the  progress  of  chemical  reactions  is  accelerated  or  retarded  by 
the  conditimi  of  contact  in  which  the  reacting  bodies  occur.  Other 
conditions  remaining  constant,  the  rate  of  progress  of  a  chemical  re- 
action is  accelerated  by  increasing  the  number  of  points  of  contact.  It 
vnl\  be  enough  to  point  out  the  fact  that  sulphuric  acid  does  not  absorb 
ethylene  under  ordinary  conditions  of  contact,  but  only  after  con- 
tinued shaking,  by  which  means  the  number  of  points  of  contact  is 
greatly  increased.  To  ensure  full  action  between  solids,  it  is  necessary 
to  reduce  them  to  very  fine  powder  and  to  mix  them  as  thoroughly  as 
possible,  as  by  this  means  their  reaction  is  greatly  accelerated.  M. 
Spring,  the  Belgian  chemist,  has  shown  that  finely-powdered  solids 
which  do  not  react  on  each  other  at  the  ordinary  temperature  may 
undergo  reaction  under  an  increased  pressure.  Thus,  under  a  pressure 
of  6,000  atmospheres,  sulphur  combines  with  many  metals  at  the  ordinary 
temperature,  and  the  powders  of  many  metals  form  alloys.  It  is  evident 
that  an  increase  in  the  number  of  points  or  surfaces  must  be  regarded 
as  the  chief  cause  producing  reaction,  which  is  doubtless  accomplished 
in  solids,  as  in  liquids  and  gases,  in  virtue  of  an  internal  movement  or 
mobility  of  the  particles,  which  movement,  although  in  different  degrees 
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and  forms,  must  exist  in  all  the  states  of  matter.  It  is  very  impoi-tant 
to  direct  attention  to  the  fact  that  the  internal  movement  or  condition 
of  the  parts  of  the  particles  of  matter  must  be  different  on  the  surface 
of  a  substance  from  what  it  is  inside  ;  because  in  the  interior  of  a  sub- 
stance similar  particles  are  acting  on  all  sides  of  every  particle,  whilst 
at  the  surface  they  only  act  on  one  side.  Therefore,  the  condition  of 
a  substance  at  its  surfaces  of  contact  with  other  substances  must  be 
more  or  less  modified  by  them — it  may  be  in  a  manner  similar  to  that 
caused  by  an  elevation  of  temperature.  These  considerations  throw 
some  light  on  the  action  in  the  large  class  of  contact  reactions ;  that 
is,  such  as  seem  to  proceed  from  the  mere  presence  (contact)  of  certain 
special  substances.  Porous  or  powdery  substances  are  very  prone  to 
act  in  this  way,  especially  spongy  platinum  and  charcoal.  For  example, 
sulphurous  anhydride  does  not  combine  directly  with  oxygen,  but  this 
reaction  takes  place  in  the  presence  of  spongy  platinum.  ^^ 

The  above  general  and  introductory  chemical  conceptions  cannot  be 
thoroughly  grasped  in  their  true  sense  without  a  knowledge  of  the 
particular  facts  of  chemistry  to  which  we  shall  now  turn  our  attention. 
It  was,  however,  absolutely  necessary  to  become  acquainted  on  the 
very  threshold  with  such  fundamental  principles  as  the  laws  of  the 
indestructibility  of  matter  and  of  the  conservation  of  energy,  as  it  is 
only  by  their  acceptance,  and  under  their  direction  and  influence,  that 
the  examination  of  particular  facts  can  give  practical  and  fruitful  results. 

^  Contact  phenomena  are  separately  considered  in  detail  in  -the  work  of  Professor 
Konovaloff  (1884).  In  my  opinion,  one  must  consider  that  the  state  of  the  internal  move- 
ments of  the  atoms  in  molecules  is  modified  at  the  points  of  contact  of  substances,  and 
this  state  determines  chemical  reactions,  and  therefore,  that  reactions  of  combmation, 
decomposition,  and  rearrangement  are  accomplished  by  contact.  Professor  Konovalof! 
showed  that  a  nmnber  of  substances  under  certain  conditions  of  their  surfaces  act  by  con- 
tact; for  instance,  powdery  silica  (from  the  hydrate)  acts  just  like  platinum,  decom- 
posing certain  compound  ethers.  As  reactions  are  only  accomplished  under  close  contact, 
it  is  probable  that  those  modifications  in  the  distribution  of  the  atoms  in  molecules  which 
come  about  by  contact  phenomena  prepare  the  way  for  them.  By  this  the  role  of  con- 
tact phenomena  is  considerably  extended.  By  such  phenomena  the  fact  should  be 
explained  why  a  mixture  of  hydrogen  and  oxygen  yields  water  (explodes)  at  different 
temperatures  according  to  the  kind  of  heated  substance  which  transmits  this  tempera- 
tare.  In  chemical  mechanics,  phenomena  of  this  kind  have  great  importance,  but  as  yet 
they  have  been  but  little  studied. 
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CHAPTER  I 

ON   WATER   AND   ITS   COMPOUNDS 

Water  is  found  almost  everywhere  in  nature,  and  in  all  three  physical 
states.  As  vapour,  water  occurs  in  the  atmosphere,  and  in  this  form 
it  is  distributed  over  the  entire  surface  of  the  earth.  The  vapour  of 
water  in  condensing,  by  cooling,  forms  snow,  rain,  hail,  dew,  and  fog. 
One  cubic  metre  (or  1,000,000  cubic  centimetres,  or  1,000  litres,  or 
35*316  cubic  feet)  of  air  can  contain  at  0°  only  4*8  grams  of  water,  at 
20°  about  17*0  grams,  at  40°  about  50*7  grams  ;  but  ordinary  air  only 
contains  about  60  per  cent,  of  the  possible  moisture.  Air  containing 
less  than  40  per  cent,  of  the  possible  moisture  is  felt  to  be  dry,  and  air 
which  contains  more  than  80  per  cent,  of  the  possible  moisture  is  con- 
sidered as  already  damp.'     Water  in  the  liquid  state,  in  falling  as  rain 

^  In  practice,  tlie  chemist  has  to  continually  deal  witli  gases,  and  gases  are  often 
collected  over  water ;  in  which  case  a  certain  amount  of  water  i>asse8  into  vapour, 
and  this  vapour  mingles  with  the  gases.  It  is  therefore  most  important  that  he 
should  be  able  to  calculate  the  amount  of  water  or  of  moisture  in  air  and  other  gases. 
Let  us  consider  the  relations  in  volume  and  weight  which  exist  in  this  case.  Let  us 
imagine  a  cylinder  standing  in  a  mercury  bath,  and  filled  with  a  dry  gas  whose  volume 
equals  r,  temperature  t°,  and  pressure  or  tension  h  mm.  {h  millimetres  of  the  column  of 
mercury  at  0'^).  We  will  introduce  water  into  the  cylinder  in  such  a  quantity  that  a  small 
part  remains  in  the  liquid  state,  and  consequently  that  the  gas  will  be  saturated  with 
aqueous  vapour  ;  the  volume  of  the  gas  will  then  increase  (if  a  larger  quantity  of  water  be 
taken  some  of  the  gas  will  be  dissolved  in  it,  and  the  volume  may  therefore  be  diminished). 
We  will  further  suppose  that  the  tem|>erature  remains  constant  after  the  addition  of 
the  water;  then  the  pressure  (as  the  volume  increases  the  mercury  in  the  cylinder 
falls,  consequently  the  pressure  is  increased)  and  the  volume  is  increased.  In  order  to 
investigate  the  phenomenon  we  will  artificially  increase  the  pressure,  and  reduce  the 
volume  to  the  origiinil  volume  v.  Tlien  the  pressure  or  tension  will  prove  greater  than 
/i,  namely  h  +/,  which  means  that  by  the  introduction  of  aqueous  vajiour  the  tension 
of  the  gas  is  increased.  The  researches  of  Dalton,  Gay-Lussac,  and  Regnault  showed 
that  this  increase  is  equal  to  the  maximum  pressure  which  is  proper  to  the  a(|ueous 
vapour  at  the  temperature  at  which  the  observation  is  made.  The  maximum  pressure 
for  all  temperatures  may  be  found  in  the  tables  made  from  observations  on  the  tension 
of  aqueous  vapour.  The  quantity/  will  be  equal  to  this  maximum  pressure  of  aqueous 
vapour.  This  may  be  expressed  thus  :  the  maximum  tension  of  tiqueous  vapour  (and  of 
all  other  vapours)  saturating  a  space  in  a  vacuum  or  in  any  gas  is  the  same.  This 
rule  is  known  as  Dalton'' s  law.  Xlius  we  have  a  volume  of  dry  gas  i\  under  a  pre8.sure 
hy  and  a  volume  of  moist  gas,  saturated  with  vapour,  under  a  pressure  //  +/.  The  volume 
V  of  the  dry  gas  under  a  pressure  h  +/  occupies,  according  to  the  law  of  Mariotte,  a 
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and  snow,  soaks  into  the  soil  and  collects  together  into  springs,  lakes, 
rivers,  seas,  and  oceans.     It  is  absorbed  from  the  soil  by  the  roots  of 

Tolume      — -  ;  conBequently  the  volume  occupied  by  the  aqueous  vapour  under  the 
«+/ 

pressure  h  +/  equals  v  —  -^     ,  or  ^-^    .     Thus  the  volumes  of  the  dry  gas  and  of  the 

h+f        h+f 

moisture  which  occurs  in  it,  at  a  pressure  /*+/,  are  in  the  ratio  f:h.    And,  therefore,  if 

the  aqueous  vapour  saturates  a  space  at  a  pressure  n,  the  volumes  of  the  dry  air  and  of 

the  moisture  which  is  contained  in  it  are  in  the  ratio  n— /:/,  where  /  is  the  pressure  of 

the  vapour  according  to  the  tables  of  vapour  tension.     Thus,  if  a  volume  N  of  a  gas 

saturated  with  moisture  be  measured  at  a  pressure  H,  then  the  volume  of  the  gas,  when 

H  —  f 
dry,  will  be  equal  to  N     ~  •',  because  the  volume  N  requires  to  be  divided  into  parts 

which  are  in  the  ratio  H—/:/.     In  fact,  the  entire  volume  N  must  be  to  the  volume  of 

XT f 

dry  gas  x  as  H  is  to  H— /;  therefore,  N  :  jr  =  H :  H— /,  from  which  ar  =  N        •'.       Under 

XI 

any  other  pressure — for  instance,  760  mm. — the  volume  of  dry  gas  will  be        ,  or         •' 
■^  *^  ^  ^  760  760 

and  thus  we  obtain  the  following  practical  rule :  If  a  volume  of  a  gas  saturated  with 
aqueous  vapour  be  measured  at  a  pressure  H  mm.,  then  the  volume  of  dry  gas  contained 
in  it  will  be  obtained  by  finding  the  volume  corresponding  with  the  pressure  H,  less  the 
pressure  due  to  the  aqueous  vapour  at  the  temperature  of  observation.  For  example, 
87*5  cubic  centimetres  of  air  saturated  with  aqueous  vapour  was  measured  at  a  tempera- 
ture of  15*8°,  and  under  a  pressure  of  747*3  mm.  of  mercurj'  (at  0°).  What  will  be  the 
Tolume  of  dry  gas  at  (P  and  700  mm.  ?  The  pressure  of  aqueous  vapour  corresponding 
with  15'3°  is  equal  to  12'9  mm.,  and  therefore  the  volume  of  dry  gas  at  15'8°  and 

747*8  mm.  is  equal  to  87*5  x'^^'^'^"^'*^'^;  at  760  mm.  it  will  be  equal  to  87'5  x   ''^^ll- 
^  747-8  *  760  ' 

7rt4*4  97.H 

and  at  0°  the  volume  of  dry  gas  will  be  875  x  '-  *-  x  -    .-         ^  84-31  c.c. 

^^  760      273     15-8 

From  this  rule  may  also  be  calculated  what  fraction  of  a  volume  of  gas  is  occupied  by 

moisture  under  the  ordinary  pressure  at  different  temperatures  ;  for  instance,  at  80°  C 

f*s3l'5y  consequently  100  volumes  of  a  moist  gas  or  air,  at  760  mm.,  contain  a  volume  of 

31*5 
aqueous  vapour  100x1^    ',   or    4*110;    also  it  is  found   that   at   0*^    there   is   contained 

0*61  p.c.  by  volume,  at  10"^  I'il  p.c,  at  20^  2*20  p.c,  and  at  50-  up  to  1211  p.c.  From  this 
it  may  be  judged  how  great  an  error  might  be  made  in  the  volumetric  detennination 
of  gases  were  tJie  moisture  not  taken  into  consideration.  From  this  it  is  also  evident 
how  great  are  the  variations  in  volume  of  the  atmosphere  when  it  loses  or  gains  aqueous 
▼apour,  which  again  explains  a  number  of  atmospheric  phenomena  (winds,  variation  of 
pressure,  precipitations,  storms,  S:c.). 

If  a^ineous  vapour  does  not  saturate  a  gas,  then  it  is  indispensable  that  the  degree  of 
moisture  should  l>e  known  in  order  to  determine  the  volume  of  dry  gas  from  the  volume 
of  moist  gas.  The  preceding  ratio  gives  the  maximum  quantity  of  water  which  can 
be  held  in  a  gas,  and  the  degree  of  moisture  shows  what  fraction  of  this  maximum 
quantity  occurs  in  a  given  case,  when  the  vapour  does  not  saturate  thf  spa<'e  occupied 
by  the  gas.  Consequently,  if  the  degree  of  moisture  equals  50  j).c. — that  is,  half  the 
maximum — then  the  volume  of  dry  gas  at  760  mm.  is  eijual  to  the  volume  of  dry  gas 

at  760  mm.  multii)lied  by  *        '^"^,  or,  in  general,  bv  -       ■'.where  r  is  the  degree  of  mois- 

ture.  If,  therefore,  it  is  required  to  measure  the  volume  of  a  moist  gas,  it  must  either  be 
entirely  dried  or  r|uite  saturat<td  with  moisture,  or  else  the  degree  of  moisture  deter- 
mined. The  first  and  last  methods  are  inconvenient,  and  therefore  recourse  is  usually 
had  to  the  second.  For  this  purpose  water  is  introduced  into  the  cylinder  holding  the 
gas  to  be  measured  ;  it  is  left  for  a  certain  time  so  that  the  gas  may  become  saturate<1, 
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plants,  which,  when  fresh,  contain  from  40  to  80  per  cent,  of  water  by 
weight.     Animals  contain  about  the  stime  amount  of  water.     In  a 

the  precaution  being  taken  that  a  portion  of  the  water  remains  in  a  liquid  state ;  then 
the  volume  of  the  moist  gas  is  determined,  from  which  tliat  of  the  dry  gas  may  be 
calculated.  In  order  to  find  the  weight  of  the  aqueous  vapour  in  a  gas  it  is  necessary 
to  know  the  weight  of  a  cubic  measure  at  0°  and  760  nmi.  Knowing  that  one  cubic 
centimetre  of  air  under  these  circumstances  weighs  0*001298  gram,  and  that  the  density 
of  a(|ueous  vapour  is  062,  we  find  that  one  cubic  centimetre  of  aqueous  vapour  at  0*^  and 
760  mm.  weighs  0*0008  gram,  and  at  a  temperature  f^  and  pressure  h  the  weight  of  one 

cubic  centimetre  will  be  0*0008  x  —  x  -    --,    We  already  know  that  v  volumes  of  a  gas 

760     278  +  f  •'  *^ 

at  a  temperature   t°  pressure  h  contain  u  x  ^   volumes  of  aqueous  vapour  which  satu- 

h 

rate  it,  therefore  the  weight  of  the  aqueous  vapour  held  in  v  volumes  of  a  gas  will  be 

^-^^  X  00008  X  Ax    -^^_„,ort;x0*0008x  /    X    ^'^?- . 
/'  760      273 +  f°  760     273  +  ^ 

Consequently,  the  weight  of  the  water  which  is  held  in  one  volume  of  a  gas  is  only 
dependent  on  the  temperature  and  not  on  the  pressure.  This  also  signifies  that  evapo- 
ration proceeds  to  an  equal  extent  in  air  as  in  a  vacuum,  or,  in  general  terms  (this  is 
JDalton's  Zau),  vapours  and  gases  diffuse  into  each  other  as  if  into  a  vacuum.  In  a  given 
space  there  enters,  at  a  given  temperature,  a  constant  quantity  of  vapour  whatever  be 
the  pressure  of  the  gas  filling  that  npace.    If  the  degree  of  moisture  equals  r  then  the 

fr        273 
weight  of  the  vapour  in  v  cubic  centimetres  will  be  » =  v  x  0*0008  x  /_  x         —  grams. 
*^  760    278  +  ^ 

From  this  it  is  clear  that  if  the  weight  of  the  vapour  held  in  a  given  volume  of  a  gas 

V  760    278 +  f 

be  known,  it  is  easy  to  determine  the  degree  of  moisture  ^=  7,"x'b0008  ^  T''^    273~* 

On  this  is  founded  the  very  exact  determination  of  the  degree  of  moisture  of  air  by  the 

weight  of  water  contained  in  a  given  volume.     It  is  easy  to  calculate  from  the  preceding 

formula  the  number  of  grams  of  water  contained  at  all  pressures  in  one  cubic  metre  or 

million  centimetres  of  air  saturated  with  vapour  at  various  temperatures ;  for  example, 

81*5         278 
at  80-^  /=  31*5,  therefore  j>  =  1000000  x  00008  x  ^  »<  ^^^  _^  ^  or  29*84  grams. 

Tlie  laws  of  Mariotte,  Dalton,  and  Gay-Lussac,  which  are  here  applied  to  gases  and 
vapours,  are  not  entirely  exact,  but  are  approximately  true.  "Were  they  quite  exAct,  a  mix- 
ture of  several  liquids,  having  a  certain  vapour  pressure,  would  be  kble  to  give  vapours 
of  a  very  great  pressure,  which  is  not  the  case.  In  fact  the  pressure  of  aqueous  vapour 
is  slightly  less  in  a  gas  than  in  a  vacuum,  and  the  weight  of  aqueous  vapour  held  in  a 
gas  is  slightly  less  than  it  should  be  according  to  Dalton's  law,  as  was  shown  by  the  ex- 
periments of  Regnault  and  others.  This  means  that  the  tension  of  the  vajwur  is  less 
in  air  than  in  a  vacuum,  which  also  is  the  reason  why  the  weight  of  vai>our  is  less  than 
the  theoretical  weight.  The  difference  between  the  pressure  of  vapours  in  air  and  in  a 
vacuum  does  not,  however,  exceed  ^  of  the  total  pressure  of  the  vapours,  and  therefore 
in  practice  the  application  of  Dalton's  law  may  be  followed.  This  decrement  in  vapour 
tension  which  occurs  in  the  intermixture  of  vaiwurs  and  gases,  although  small,  indicates 
that  there  is  then  already,  so  to  speak,  a  beginning  of  chemical  change.  The  essence  of 
the  matter  is  that  in  this  case  there  occurs  as  on  contact  (see  preceding  footnote)  an 
alteration  in  the  movements  of  the  atoms  in  the  molecules,  and  therefore  also  a  change 
in  the  movement  of  the  molecules  themselves.' 

In  the  uniform  intermixture  of  air  and  other  gases  with  aqueous  vapour,  and  in  the 
capacity  of  water  to  pass  into  vapour  and  form  a  uniform  mixture  with  air,  we  may 
perceive  an  instance  of  a  physical  phenomenon  which  is  analogous  to  chemical  phe- 
nomena, forming  indeed  a  transition  from  one  class  of  phenomena  to  the  other.  Between 
water  and  dry  air  there  exists  a  kind  of  affinity  which  obliges  the  water  to  saturate  the 
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solid  state  water  appears  as  snow,  ice,  or  in  an  intermediate  form 
between  these  two,  which  is  seen  on  mountains  covered  with  perpetual 
snow.     The  water  of  rivers,'^  springs,  oceans  and  seas,  lakes,  and  wells 

air.  But  such  a  homogeneous  mixture  is  formed  (ahnost)  independently  of  the  nature  of 
the  gas  in  which  eva()oration  takes  place ;  even  in  a  vacuum  the  phenomenon  occurs  in 
exactly  the  same  way  as  in  a  gas,  and  therefore  it  is  not  the  property  of  the  gas,  nor  its 
relation  to  water,  but  tlie  property  of  the  water  itself,  which  obliges  it  to  evaporate,  and 
therefore  in  this  case  chemical  afhnity  is  not  yet  acting — at  least  its  action  is  not  clearly 
pronounced.  That  it  does,  however,  play  a  certain  part  is  seen  from  the  deviation  from 
Dal  ton's  law. 

'  In  falling  through  the  atmosphere,  water  dissolves  the  gases  of  the  atmosphere, 
nitric  acid,  ammonia,  organic  com;[)Ounds,  salts  of  sodium,  magnesium,  and  calcium,  and 
mechanically  washes  out  a  mixture  of  dust  and  microbes  which  are  suspended  in  the 
atmosphere.  The  amount  of  these  and  certain  other  constituents  is  very  variable.  Even 
in  the  beginning  and  end  of  the  same  rainfall,  a  variation  which  is  often  very  considerable 
may  be  remarked.  Thus,  for  example,  Bunsen  found  that  rain  collected  at  the  begin- 
ning of  a  shower  contained  3*7  grams  of  ammonia  per  cubic  metre,  whilst  that  collected 
at  the  end  of  the  same  shower  contained  only  0'G4  gram.  The  water  of  the  entire 
shower  contained  an  average  of  1'47  grams  of  ammonia  per  cubic  metre.  In  the  course 
of  a  year  rain  supplies  an  acre  of  ground  with  up  to  5^  kilos  of  nitrogen  in  a  combined 
form.  Marchand  found  in  one  cubic  metre  of  snow  water  IS'Oa,  and  in  one  cubic  metre 
of  rain  water  10*07,  grams  of  sodium  sulphate.  Angus  Smith  showed  that  after  a  thirty- 
hours*  fall  at  Manchester  the  rain  still  contained  34*3  grams  of  salts  ])er  cubic  metre.  A 
considerable  amount  of  organic  matter,  namely  25  grams  per  cubic  metre,  has  been  found 
in  rain  water.  The  total  amount  of  solid  matter  in  rain  water  reaches  50  grams  per 
cubic  metre.  Rain  water  contains  generally  very  little  carbonic  acid,  whilst  stream 
water  contains  a  considerable  quantity  of  it.  In  considering  the  nourishment  of 
plants,  it  is  necessary  to  keep  in  view  the  substances  which  are  carried  into  the  soil 
by  rain. 

River  watery  which  is  accumulated  from  springs  and  sources  fed  by  atmospheric 
water,  contains  from  50  to  1,600  parts  by  weight  of  salts  in  1,000,000  parts.  The  amount 
of  solid  matter,  per  1,000,000  parts  by  weight,  contained  in  the  chief  rivers  is  as 
follows : — the  Don  124,  the  Loire  135,  the  St.  Lawrence  170,  the  Rhone  182,  the  Dnieper 
187,  the  Danube  from  117'to  234,  the  Rhine  from  158  to  317,  the  Seine  from  190  to  432, 
the  Thames  at  London  from  400  to  450,  in  its  upper  parts  387,  and  in  its  lower  parts  up  to 
1,617,  the  Nile  1,580,  the  Jordan  1^2.  The  Neva  is  characterised  by  the  remarkably 
small  amount  of  solid  matter  it  contains.  From  the  investigations  of  Prof.  G.  K.  Trapp, 
a  cubic  metre  of  Neva  water  contains  32  grams  of  incombustible  and  23  grams  of 
organic  matter,  or  altogether  about  55  grams.  This  is  one  of  the  purest  waters  which  is 
known  in  rivers.  The  large  amount  of  impurities  in  river  water,  and  especially  of  organic 
impurity  produced  by  pollution  with  putrid  matter,  makes  the  water  of  many  rivers  unfit 
for  use. 

The  cliief  part  of  the  soluble  substances  in  river  water  consists  of  the  calcium  salts. 
100  parts  of  the  solid  residues  contain  the  following  amounts  of  calcium  carbonate — 
from  the  water  of  the  Loire  53,  from  the  Tliames  about  50,  the  Elbe  55,  the  Vistula  65, 
the  Danube  65,  the  Rhine  from  55  to  75,  the  Seine  75,  the  Rhone  from  82  to  94.  The 
Neva  contains  40  parts  of  calcium  carbonate  per  100  parts  of  saline  matter.  The  con- 
siderable amount  of  calcium  carbonate  held  by  stream  water  is  very  eawily  explained  from 
the  fact  that  water  which  contains  carbonic  acid  in  solution  easily  dissolves  calcium 
carbonate,  which  occurs  all  over  the  earth.  Besides  calcium  carbonate  and  sulphate, 
riverwatercontainsmagnesium,  silica,  chlorine,  sodium,  potassium,  aluminium,  nitric  acid, 
and  manganese.  The  presence  of  salts  of  phosphoric  acid  has  not  yet  been  determined 
with  exactitude  for  all  rivers,  but  the  j»resence  of  nitrates  has  been  proved  with  certainty 
in  almost  all  kinds  of  well-investigated  river  water.  The  quantity  of  calcium  phosphate 
doea  not  exceed  0*4  gram  in  the  river  of  the  Dnieper,  and  the  Don  does  not  contain  more 
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contains  various  substances  in  solution,  mostly  salts  -that  is,  sub- 
stances resembling  common  table  salt  in  their  physical  properties  and 

than  5  tprams.  The  water  of  Die  Seine  contains  about  15  grams  of  nitrates,  and  the  Rhone 
about  8  grams.  The  amount  of  ammonia  is  much  less ;  thus  in  the  water  of  the  Rhine 
about  0'5  gram  in  June,  and  0*2  gram  in  October ;  the  water  of  the  Seine  contains  the 
same  amount.  This  is  less  than  in  rain  water.  Notwithstanding  this  insignificant 
quantity,  the  water  of  the  Rhine  alone,  which  is  not  so  very  large  a  river,  carries  16,245 
kilograms  of  ammonia  into  the  ocean  every  day.  The  difference  between  the  amount  of 
ammonia  in  rain  and  river  water  depends  on  the  fact  that  the  soil  through  which  the 
rain  water  passes  is  able  to  withhold  the  ammonia.  (Soil  can  also  absorb  many  other 
substances,  such  as  phosphoric  acid,  potassium  salts,  &c.) 

The  water  of  springs,  rivers,  wells,  and  in  general  of  those  localities  from  which  it  is 
taken  for  drinking  purposes,  may  be  very  injurious  to  the  health  if  it  contains  much 
organic  pollution — all  the  more,  as  in  such  water  the  lower  organisms  (bacteria)  may 
rai)idly  develop,  and  these  organisms  often  serve  as  the  carriers  or  causes  of  infectious 
diseases.  Thanks  to  the  work  of  Pasteur,  Koch,  and  many  others,  this  province  of  research 
has  made  considerable  progress  during  the  past  t«n  years,  and  has  shown  the  possi- 
bility of  investigating  even  the  number  and  properties  of  the  germs  held  by  water, 
because  those  pathogenic  bacteria  which  produce  sickness,  such  as  typhoid  fever,  Siberian 
plague,  &C.J  have  been  distinguished.  In  bacteriological  researches,  a  gelatinous 
medium,  enabling  the  germs  to  develop  and  multiply,  is  prepared  with  gelatin  and  water, 
which  has  previously  been  heated  several  times,  at  intervals,  to  100'^  (it  is  thus  rendered 
sterile — that  is  to  say,  all  the  germs  in  it  are  killed).  The  water  to  be  investigated 
is  added  to  this  prepared  medium  in  a  definite  and  small  quantity  (it  is  sometimes 
diluted  with  sterilised  water  to  facilitate  the  calculation  of  the  number  of  germs),  it  is 
protected  from  dust  (which  contains  germs),  and  is  left  at  rest  until  whole  families  of 
lower  organisms  are  developed  from  each  germ.  These  families  (colonies)  are  visible  to 
the  naked  eye  (as  spots),  they  may  be  counted,  and  by  examining  them  under  the 
microscojw  and  observing  the  number  of  organisms  they  produce,  their  significance  may 
be  detennined.  The  majority  of  bacteria  are  harmless,  but  there  decidedly  are  patho- 
genic bacteria  whose  presence  is  one  of  the  causes  of  malady,  and  of  the  spreading  of 
certain  diseases.  The  number  of  bacteria  in  one  cubic  centimetre  of  water  sometimes 
attains  the  immense  figures  of  hundreds  of  thousands  and  millions.  Certain  well,  spring, 
and  river  waters  contain  very  few  bacteria,  and  are  free  from  disease-producing  bacteria 
under  Ordinary  circumstances.  By  boiling  water,  the  bacteria  in  it  are  killed,  but  the 
organic  matter  necessary  for  their  nourishment  retrains  in  the  water.  The  best  kinds 
of  water  for  drinking  purjioses  do  not  contain  more  than  800  bacteria  in  a  cubic 
centimetre. 

The  presence  in  water  of  every  residue  of  destroyed  organisms  may  be  x>artly  judged 
from  the  amount  of  combined  nitrogen,  as  all  organisms  contain  nitrogen  comjwunds. 
It  is  most  essential  to  distinguish  and  detennine  nitrogen  in  the  form  of  organic  matter, 
and  in  the  form  of  oxides  (nitric  acid).  Tlie  former  is  not  separated,  on  heating,  from 
water  by  the  action  of  reducing  agents,  such  as  sulplmrous  anyhdride,  whilst  the 
nitrogen  which  occurs  as  oxide  is  evolved  by  this  means.  Thus  on  adding  hydrochloric 
acid  and  ferrous  chloride  to  water,  the  nitrogen  of  the  nitric  acid  gives  oxide  of  nitrogen, 
which  may  be  detennined.  The  presence  of  nitric  acid  indicates  that  the  organic 
matter  in  water  has  already  been  oxidised.  Water  which  contains  more  than  1  part 
of  nitrogen  (in  this  form)  in  a  million  parts  is  considered  as  injurious,  and  should  not 
be  used.  Frankland  found  about  I'H  parts  of  nitrogen  in  an  oxidised  form,  and  from 
0*22  to  0*5  part  in  organic  combinations  in  the  water  of  the  Thames  at  London. 

The  amount  of  gases  dissolved  in  river  water  is  much  more  constant  than  that  of  its 
solid  constituents.  One  litre,  or  1,000  c.c,  of  water  contains  40  to  55  c.c.  of  gas 
measured  at  normal  temperature  and  pressure.  In  winter  the  amount  of  gas  is  greater 
than  in  summer  or  autumn.  Allowing  that  a  litre  contains  50  c.c.  of  gases,  it  may  be 
admitted  that  these  consist,  on  the  average,  of  20  vols,  of  nitrogen,  20  vols,  of  carbonic 
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chief  chemical  transformations.  Further,  the  quantity  and  nature  of 
these  salts  differ  in  difterent  waters.^      Everybody  knows  that  there 

anhydride  (proceeding  in  all  likelihood  from  the  soil  and  not  from  the  atmosphere),  and 
of  10  vols,  of  oxygen.  I  If  the  total  amount  of  gases  be  less,  the  constituent  gases  are 
still  in  about  the  same  proportion ;  in  many  cases,  however,  carbonic  anhydride  pre- 
dominates. The  water  of  many  deep  and  rapid  rivers  contains  less  carbonic  anhydride, 
which  shows  their  rapid  formation  from  atmospheric  water  and  that  they  have  not 
succeeded,  during  a  long  and  slow  course,  in  absorbing  a  greater  quantity  of  carbonic 
anhydride.  Thus,  for  instance,  the  water  of  the  Rhine,  near  Strasburg,  according  to 
Deville,  contains  8  c.c.  of  carbonic  anhydride,  16  c.c.  of  nitrogen,  and  7  c.c.  of  oxygen  per 
Utre.  From  the  researches  of  Prof.  M.  R.  Kapoustin  and  his  pupils,  it  appears  that  in 
determining  the  quality  of  a  water  for  drinking  purposes,  it  is  most  important  to  investi- 
gate the  composition  of  the  dissolved  gases. 

'  Spring  water  is  formed  from  rain  water  percolating  through  the  soil.  Naturally  a 
part  of  the  rain  water  is  evaporated  straiglitway  from  the  surface  of  the  earth  and  from 
the  vegetation  on  it.  It  has  been  shown  that  out  of  100  parts  of  water  falling  on  the 
earth  only  36  parts  flow  to  the  ocean ;  the  remaining  04  ai-e  evaporated,  or  percolate 
far  underground.  The  collection  of  water  by  means  of  ponds,  conmion  wells,  or  artesian 
wells  is  dependent  on  the  presence  of  subterranean  water.  After  flowing  underground 
along  some  impervious  strata,  water  comes  out  at  the  surface  in  many  places  as  springs, 
whose  temperature  is  determined  by  the  depth  from  which  the  water  has  flowed. 
Springs  penetrating  to  a  great  depth  may  become  considerably  heated,  and  this  is  why 
hot  mineral  springs,  with  a  temperature  of  up  to  80*^  and  higher,  are  often  met  with.  For 
instance,  there  is  one  Caucasian  spring  whose  temperature  is  90  \  Most  likely  in  this 
case  the  water  is  heated  owing  to  its  penetrating  near  a  rock  formation  which  is  heated 
by  volcanic  action.  The  composition  of  spring  water  is  most  varied.  When  a  spring 
water  contains  substances  whicli  endow  it  with  a  peculiar  taste,  and  especially  if  these 
Bubstances  are  such  as  are  only  found  in  minute  quantities  or  not  at  all  in  river  and 
other  flowing  waters,  then  the  spring  water  is  termed  a  mineral  water.  Many  such 
waters  are  employed  for  medicinal  puriHjses.  Mineral  waters  are  classed  according  to 
their  composition  into — (a)  saline  waters,  which  often  contain  a  large  amount  of  common 
salt;  (6)  alkaline  waters,  which  contain  sodium  carbonate;  (r)  bitter  waters,  which 
contain  magnesia ;  {(1)  chalybeate  waters,  which  hold  iron  carbonate  in  solution ;  {e) 
aerated  waters,  which  are  rich  in  carbonic  anhydride ;  {f)  sulphuretted  waters,  which 
contain  hydrogen  sulphide.  Sulphuretted  waters  may  be  recognised  by  their  smell  of 
rotten  eggs,  and  by  their  giving  a  black  precipitate  with  lead  Siilts,  and  also  by  their  tar- 
nishing silver  objects.  Aerated  waters,  which  contain  an  excess  of  carbonic  anhydride, 
effer>'e8ce  in  the  air,  have  a  shar])  taste,  and  redden  litmus  paper.  Saline  waters  leave  a 
large  residue  of  soluble  solid  matter  on  evai>oration,  and  have  a  salt  taste.     Chalybeate 
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are  salt,  fresh,  iron,  and  other  waters.  The  presence  of  about  3.V  per 
cent,  of  salts  renders  sea- water  *  heavy  and  bitter  to  the  taste.  Fresh 
water  also  contains  salts,  only  in  a  comparatively  small  quantity. 
Their  presence  may  be  easily  proved  by  simply  evaporating  water  in  a 
vessel.  By  evaporation  the  water  passes  away  as  vapour,  whilst  the 
salts  are  left  behind.  This  is  why  a  crust  (incrustation),  consisting  of 
salts,  previously  in  solution,  is  deposited  on  the  insides  of  kettles  or 
boilers,  and  other  >'essels  in  which  water  is  boiled.  Running  water 
(rivers,  &c.)  is  charged  with  salts,  o^dng  to  its  being  formed  from  the 
collection  of  rain  water  percolating  through  the  soil.  While  percolating 
the  water  dissolves  certain  parts  of  the  soil.  Thus  water  which  filters 
or  passes  through  saline  or  calcareous  soils  becomes  charged  with  salts 
or  contains  calcium  carbonate  (chalk).  Rain  water  and  snow  are  much 
purer  than  river  or  spring  water.  This  is  because  snow  and  rain  are 
only  condensed  aqueous  vapour,  and  salts  do  not  pass  into  the  vapour. 

waterfl  have  an  inky  taste,  and  are  colnnred  black  by  an  infusion  of  galls ;  on  being 
exposed  to  the  air  they  usually  give  a  brown  precipitate.  Generally,  the  character  of 
mineral  waters  is  mixed.  In  the  table  on  page  45  are  given  the  analysis  of  certain 
mineral  springs  which  are  known  for  their  medicinal  properties.  The  quantity  of  the 
substances  is  expressed  in  millionths  by  weight — that  is,  in  grams  per  cub.  metre  or 
milligrams  per  litre. 

I.  Sergieffsky,  a  sulphur  water,  Gov.  of  Samara  (temp.  8°  C),  analysis  by  Clause. 
II.  Geleznovodskya  water  source  No.  10,  near  Patigorsk,  Caucasus  (temp.  22*6°),  analysis 
by  FritzBche.  III.  AlekHandrofTsky,  alkaline-sulphur  source,  Patigorsk  (temp.  46*5°),  average 
of  analyses  by  Herman  Zinin  and  Fritzsche.  IV.  Bougountouksky,  alkaline  source, 
No.  17,  Essentoukah,  Caucasus  (temp.  21()^),  analysis  by  Fritzsche.  y.  SaUne  water, 
Staro-Russi,  Gov.  of  Novgorod,  analysis  by  Nelubin.  VI.  Water  from  artesian  well  at 
the  factory  of  state  papers,  St.  Petersburg,  analysis  by  Struve.  VII.  Spriidel,  Carlsbad 
(temp.  88'7°),  analysis  by  Berzelius.  VIII.  Kriitznach  spring  (Elisenquelle),  Prussia 
(temp.  8*8°),  analysis  by  Bauer.  IX.  Eau  de  Seltz,  Nassau,  analysis  by  Henry.  X.  Vichy 
water,  France,  analysis  by  Berthier  and  Pu\'y.  XI.  Paramo  de  Ruiz,  New  Granada, 
analysis  by  Levy ;  it  is  distinguished  by  the  amount  of  free  acids. 

*  Sea- water  contains  more  non- volatile  saline  constituents  than  the  usual  kinds  of 
fresh  water.  This  is  explained  by  the  fact  that  the  waters  flowing  into  the  sea  supply 
it  with  salts,  and  whilst  a  large  quantity  of  vapour  is  given  off  from  the  surface  of  the 
sea,  the  salts  remain  behind.  Even  the  specific  gravity  of  sea-water  differs  con- 
siderably  from  that  of  pure  water.  It  is  generally  about  1*02,  but  in  this  and  also  in 
respect  to  the  amount  of  salts  contained,  samples  of  sea-water  from  different  localities 
and  from  different  depths  offer  rather  remarkable  variations.  It  will  be  sufficient  to 
point  out  that  one  cubic  metre  of  water  from  the  undermentioned  localities  contains  the 
following  quantity  in  grams  of  solid  constituents: — Gulf  of  Venice  19,122,  Leghorn 
Harbour  24,812,  Mediterranean,  near  Cetta,  87,655,  the  Atlantic  Ocean  from  82,585  to 
35,695,  the  Pacific  Ocean  from  85,288  to  34,708.  In  closed  seas  which  do  not  communi- 
cate, or  are  in  very  distant  communication,  with  the  ocean,  the  difference  is  often  still 
greater.  Thus  the  Caspian  Sea  contains  6,300  grams ;  the  Black  Sea  and  Baltic  17,700. 
Common  salt  forms  the  chief  constituent  of  the  saline  matter  of  sea-  or  ocean- water ;  thus 
in  one  cubic  metre  of  sea-water  there  are  25,000-31,000  grams  of  common  salt,  2,600- 
6,000  grams  of  magnesium  chloride,'l,20(>-7,000  grams  of  magnesium  sulphate,  1,500-6,000 
grams  of  calcium  sulphate,  and  10-700  grams  of  potassium  chloride.  The  small  amount 
of  organic  matter  and  of  the  salts  of  phosphoric  acid  in  sea- water  is  very  remarkable. 
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Nevertheless,  in  passing  through  the  atmosphere,  rain  and  snow  succeed 
in  catching  the  dust  held  in  it,  and  dissolve  air,  which  is  found  in  every 
water.  The  dissolved  gases  of  the  atmosphere  are  partly  disengaged, 
as  bubbles  from  water  on  heating,  and  water  after  long  boiling  is  quite 
freed  from  them. 

In  general  terms  water  is  called  pure  when  it  is  clear  and  free  from 
insoluble  particles  held  in  suspension  and  visible  to  the  naked  eye,  from 
which  it  may  be  freed  by  filtration  through  charcoal,  sand,  or  porous 
{natural  or  artificial)  stones,  and  when  it  possesses  a  clean  fresh  taste. 
It  depends  on  the  absence  of  any  tastable,  decomposing  organic  matter, 
on  the  quantity  of  air  *  and  atniospheric  gases  in  solution,  and  on  the 
presence  of  mineral  substances  to  the  amount  of  about  300  grams  per 
ton  (or  cubic  metre,  or,  what  is  the  same,  300  milligrams  to  a  kilo- 
gram or  litre  of  water),  and  of  not  more  than  100  grams  of  organic 
matter.^      Such  water  is   suitable  for   drinking  and   every  practical 

*  The  taste  of  water  is  greatly  dependent  on  the  quantity  of  dissolved  gases  it  con- 
tains. On  boiling,  these  gases  are  given  off,  and  it  is  well  known  that,  even  when  cooled, 
boiled  water  has,  until  it  has  succeeded  in  absorbing  gaseous  substances  from  the  atmo- 
sphere, quite  a  different  taste  from  fresh  water  containing  a  considerable  amount  of  gas. 
The  dissolved  gases,  especially  oxygen  and  carbonic  anhydride,  have  an  important 
influence  on  the  health.  The  following  instance  is  very  instructive  in  this  respect.  The 
Grenelle  artesian  well  at  Paris,  at  the  first  period  of  its  opening,  supplied  a  water  which 
h*d  an  injurious  effect  on  animals  and  people.  It  ap[)eared  that  this  water  did  not 
contain  oxygen,  and  in  general  was  very  i>oor  in  gases.  Ah  soon  as  it  was  made  to  fall  in 
a  cascade,  by  which  it  absorbed  air,  it  proved  entirely  fit  for  consumption.  In  long  sea 
voyages  by  steamer  sometimes  fresh  water  is  not  taken  or  only  taken  in  a  small  quantity 
because  it  spoils  by  keeping,  and  becomes  putrid  from  the  organic  matter  it  contains  under- 
going decomposition.  Fresh  water  may  be  obtained  directly  from  sea-water  by  distilla- 
tion. The  distilled  water  no  longer  contains  sea  salts,  and  is  therefore  fit  for  consump- 
tion, but  it  is  very  tasteless  and  has  the  properties  of  boiled  water.  In  order  to  render  it 
palatable  certain  salts,  which  are  usually  held  in  fresh  water,  are  added  to  it,  and  it  is 
made  to  flow  in  thin  streams  exposed  to  the  air  in  order  that  it  may  become  saturated 
with  the  component  parts  of  the  atmosphere — that  is,  absorb  gases. 

•  Hard  water  is  such  as  contains  much  mineral  matter,  and  especially  a  large  pro- 
portion of  calcium  salts.  Such  water,  owing  to  the  amount  of  lime  it  contains,  does  not 
form  a  lather  with  soap,  prevents  vegetables  boiled  in  it  from  softening  properly,  and 
forms  a  great  deal  of  incrustation  on  vessels  in  which  it  is  boiled.  Owing  to  its  high 
degree  of  hardness,  it  is  injurious  for  drinking  purposes,  which  is  evident  from  the  fact 
that  in  many  large  cities  the  death-rate  decreased  after  introducing  a  soft  water  in  the 
place  of  a  hard  water.  Putrid  water  contains  a  considerable  quantity  of  decomposing 
organic  matter,  chiefly  vegetable,  but  in  populated  districts,  especially  in  towns,  chiefly 
animal  remains.  Such  water  acquires  an  unpleasant  smell  and  taste,  by  which  stagnant 
bog  water  and  the  water  of  certain  wells  in  inhabited  districts  are  particularly  charac- 
terised. Such  water  is  especially  harmful  at  a  period  of  epidemic.  It  may  be  partially 
purified  by  pansing  through  charcoal,  which  retains  the  putrid  and  certain  organic  sub- 
fitances,  and  also  certain  mineral  substances.  Turbid  water  may  be  purified  to  a  certain 
extent  by  the  addition  of  alum,  which  aids,  after  standing  some  time,  the  formation  of  a 
sediment.  Condy's  fluid  (potassium  x>tirniiinganate)  is  another  means  for  purifying 
putrid  water.  A  solution  of  this  substance,  even  if  very  diluted,  is  of  a  red  colour;  on 
adding  it  to  a  putrid  water,  the  permanganate  oxidises  and  destroys  the  organic  matter. 
When  added  to  water  in  such  a  quantity  as  to  impart  to  it  an  almost  imperceptible  rose 
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ftpplictttion,  but  evidently  it  is  not  pui«  in  a.  cheniicail  s 
rhrminaily  jmre  water  is  necessary  not  only  for  scientitio  purposes,  as 
na  iwlL-peiident  substance  linving  cDitstant  und  <letinite  properties,  iiucl 
a«  the  chief  cunipcinent  of  all  forms  of  water  which  piny  such  an  impnr- 
bitit  pnrt  in  nnlure,  but  also  for  imtny  pnictical  purposes — for  instance, 
in  photography  and  in  the  preparation  of  medicines — bec'ause  many 
properties  nf  aubstunces  in  solution  are  changed  by  the  impurities  of 
natural  waters.  Water  Is  usually  puiified  by  distillation,  beeause  the 
solid  substances  in  solution  ai-e  not  transformed  into  vapours  in  this 
process.  Wueji  lUntithd  water  is  prepared  ljy  chemists  and  in  labora- 
tories by  boiling  water  in  closed  metallic  boilers  or  stills,  and  causing 
the  steam  produced  to  pass  into  a  condenser — that  is,  througli  tubes 
{which  should  be  made  of  tin,  or,  at  all  events,  tinned,  o^  wat^r  and  its 
impurities  do  not  act  on  tin)  surrounded  by  cold  water,  and  in  which 
the  steam,  being  cooled,  condenses  into  water  which  is  collected*  in  a 

ccilour  it  deatroys  muoli  of  tbe  or^tuiii.-  iiabii:iinveB  it  voiiliiinii.     It  is  eapri-ialty  tudutury 
to  >M  a  Bmall  qunutit;  of  Condy's  fluid  to  impure  w^ter  lu  timeii  oi  epidemiv. 

The  prGBimce  iii  iriiter  of  one  gnun  per  litre,  nr  I.OOO  gruns  per  cubic  metre,  ol  unj 
■ubstuice  whatsoever  nnden  it  unfit  uid  even  injurious  fur  eonsamption  by  uiiniiU*, 
■nd  this  whfltber  orguiic  or  mineral  rostlur  preilnmitiikte.  The  prawuve  of  1  p^,  of 
ahlorides  makpa  water  ijuila  wilC.  uid  proiluceii  thirst  iimteikd  of  BSHUAging  it.  The 
prewnee  of  magneaium  taii6  ia  mo>t  unpleiwaut ;  they  hiLVe  n  diwgrpeable  bitter  tute, 
nud  in  (net  iminul  to  aen  water  ita  iiecnliar  Innte.  A  large  amount  of  nitnteB  i>  only 
found  in  impure  water,  and  ia  nauoJlj  injutifius,  um  tilay  may  indi&ite  the  preBenao  of 
docompoBiug  nrgnnig  matler. 


J 
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By  standing  exposed  to  the  atmosphere,  however,  the  water 
I  in  time  absorbs  air,  and  dust  carried  in  the  air,  and  ceases  to  be  en- 
I  tire)y  pure.     Hou-ever,  the  itniuunt  of  impurities  in  distilled  water  is 

)  small  that  they  have  hardly  any  effect  on  the  properties  of  the 
I  water,  and  it  is  fit  for  many  purposes.  Nevertheless,  in  distillation, 
I  water  retains,  besides  air,  a  certain  rjuantity  of  volatile  impurities 
I  (especially  organic)  and  the  walls  of  the  distillation  apparatus  are 
I  partly  corroded  by  the  water,  and  a  portion,  although  smalt,  of  their 
I  Rubstance  renderij  the  water  not  entirely  pure,  thus  a  sndimeat  is  ob- 
f  tained  on  evaporation," 

Still,  for  cei'tain  physical  and  chemical  researches  it  is  neceesary  t(> 
Ijun'e  completely  pure  water.  To  obtain  it  a  solution  of  potassium 
■penaang»nate  is  added  to  distilled  water  until  it  all  becomes  tinted 
Tlight  rose  colour.      By  this  means  the  organic  matter  in  the  water  is 

estroyed  (converted  into  gases  or  non- volatile  substances).     An  excess 


4  Irora  Ihe  relort  {on  the  right-bmid  side|  pushes  Ihrauijli  a  glawi  lube  unirooni 
ir  tube,  Oiroogli  which  a  strenmol  eold  water  pBHiWB,  by  wliich  blie  Bleu 
(riekles  iiihi  *.  receiver  (on  the  lelt.liand  vSe). 
«  of  ImminiEr's  first  memoir*  (1770|  referred  to  tliis  quuBtion.  He  Inrectigii 
mofUieiuuthyreiidueiiin  the  dtstilUtion  of  water  in  order  to  prove  whet 
■  pouible.  ua  wa«  «ffimied,  W  eonvert  water  into  earth,  and  he  (omid  that 
lidiw  wa*  isodofed  bir  tlie  aetion  of  water  on  the  whUb  of  the  vesFel  holding  it,  i 
■oni  the  water  itult.  He  proTed  this  to  be  Ilie  coie  by  direct  wei);hinE. 
>L.    1.  E 
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of  potassium  permanganate  does  no  harm,  because  in  the  next  distilla- 
tion it  is  left  behind  in  the  distillation  apparatus.  The  next  distilla- 
tion should  then  be  from  a  platinum  retort  with  a  platinum  receiver. 
Platinum  is  a  metal  which  is  not  in  any  way  changed  either  by  air  or 
water,  and  therefore  nothing  passes  from  it  into  the  water.  The  water 
obtained  in  the  receiver  still  contains  air.  It  must  then  be  boiled  for 
a  long  time,  and  afterwards  cooled  in  a  vacuum  under  the  receiver 
of  an  air  pump.  Pure  water  on  evaporation  does  not  give  any  sedi- 
ment, does  not  in  the  least  change,  however  long  it  l>e  kept,  and  if  air 
have  no  access  to  it  does  not  putrefy  like  water  only  once  distilled  or 
impure  ;  and  it  does  not  give  bubbles  of  gas  on  heating,  nor  does  it 
change  the  colour  of  a  solution  of  potassium  permanganate.  These 
are  a  few  signs  by  which  the  complete  purity  of  water  may  be  recog- 
nised. 

Water,  purified  as  above  described,  has  constant  physical  and 
chemical  properties.  For  instance,  it  is  of  such  water  only  that  one 
cubic  centimetre  weighs  one  gram  at  4°  C. — i.e.,  it  is  only  such  pure 
water  whose  specific  gravity  equals  1  at  4°  C.^  Water  in  a  solid  state 
forms  crystals  of  the  hexagonal  system  ^^  which  are  seen  in  snow,  which 

®  Taking  the  generally-accepted  specific  gravity  of  water  at  its  greatest  density — i.e. 
at  4°  as  1 — it  has  been  shown  by  experiment  that  the  specific  gravity  of  water  at  different 
temperatures  is  as  follows  : — 


At  -  5^ 

.   0-99929 

At 

30° 

.   0-99577 

0° 

.   0-99987 

M 

40° 

.   0-99236 

„   4-  10° 

0-99974 

»» 

50^ 

0-98817 

15° 

0-99916 

>» 

80° 

0-97192 

20° 

0*99826 

1> 

100° 

.   0-95854 

Water  at  4°  is  taken  as  the  basis  for  reducing  measures  of  length  to  measures  of 
weight  and  volume.  The  metric,  decimal,  system  of  measures  of  weights  and  volumes  is 
generally  employed  in  science.  The  starting  point  of  this  system  is  the  metre  (89*87 
inches)  divided  into  decimetres  ("0-1  metre),  centimetres  (  =  0*01  metre),  millimetres 
( a  0*001  metre),  and  micrometres  ( ~  one  millionth  of  a  metre).  A  cubic  decimetre  is 
called  a  litre,  and  is  used  for  the  measurement  of  volumes.  The  weight  of  a  litre  of 
water  at  4°  in  a  vacuum  is  called  a  kilogram.  One  thousandth  part  of  a  kilogram,  or  one 
cubic  centimetre,  of  water  weighs  one  gram.  It  is  divided  into  decigrams,  centigrams,. 
and  milligrams  ( =  0-001  gram).  An  English  pound  equals  45859  grams.  The  great 
advantage  of  this  system  is  that  it  is  a  decimal  one,  and  that  it  is  universally  adopted  in 
science  and  in  most  international  relations.  All  the  measures  cited  in  this  work  are 
metrical.  The  units  most  often  used  in  science  are: — Of  length,  the  centimetre;  of 
weight,  the  gram ;  of  time,  the  second ;  of  temperature,  the  degree  Celsius  or  Centigrade. 

1°  As  solid  substances  appear  in  independent,  regular,  crystalline  forms  which  are 
dependent,  judging  from  their  cleavage  or  lamination  (in  virtue  of  which  mica  breaks 
ui)  into  laminae  and  Iceland  spar,  d'c,  into  pieces  bounded  by  faces  inclined  to  each  other 
at  angles  which  are  definite  for  each  substance),  on  an  inequality  of  attraction  (cohesion 
hardness)  in  different  directions  which  intersect  at  definite  angles  ;  therefore,  the 
determination   of  crystalline  forms  offers  one  of  the  most  important  external  marka 
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geoerally  consists  of  stnr-like  clusters  of  several  crystAls,  and  aIso  in 
the  half-melted  scattered  ice   floating  on  rivers  in  spring  time.     At 

chtnelerising  sepamte,  definite  chemicail  compounds.      The  elements  oF  cryatallograpliy 
which  compnae  a  specinl  science,  nlinuld  therefore  be  Fiuniliur  to  nil  who  desire  to  n-ork 


in  KieBtific  chemiBtiy.     In  tliis  work  we  "hail  only  liave  occa«on  to  speak  of  a  faw 
crriUlliiM  forms,  some  of  whicb  are  aliown  in  Figs.  6  to  13. 


I 
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this  time  nt  the  year  the  ice  spliti  up  into  spars  or  prisms,  bnundnd  by 
angles  proper  to  Bul>stfinces  crystallising  in  the  hexagonal  systoni.  The 
temperatures  at  which  water  passes  from  one  state  to  iiimther  are 
taken  as  lixecl  points  on  the  thermometer  scale  ;  namely,  the  zero 
corresponds  with  the  temperature  of  melting  ice,  and  the  temperature 
of  the  steam  disengaged  from  water  boiling  at  the  notmal  barometer 
pressure  (that  is  760  millimetres  measured  nt  0°,  at  the  liititude  of  45°, 
at  the  sea  level)  is  taken  as  100°  of  the  Cetsius  scale.  Thus,  the  fact 
that  wat«ir  lifjuelies  at  0°  and  boils  at  100°  is  taken  as  one  of  its 
properties  as  a  i.efinit^^  chemical  compound.  The  weight  of  one  cubic 
metre  of  water  at  4"  is  1,000  kilos,  at  0°  it  is  999-8  kilos.  The  weight 
of  a  cubic  metre  of  ice  at  0°  is  less — namely,  917  kilos  ;  the  weight  of  a 
cubic  metre  of  water  vapour  at  760  mm.  pi-essure  and  100"  is  only  0-60 
kilos  ;  the  density  of  the  vapour  ciimpared  with  air  =  0-62.  and  com- 
pared with  hydrogen  ^=  9. 

These  data  briefly  enumerate  the  physical  properties  of  water  as  a 
separate  .substance.  As  a  supplement  to  this  it  may  be  ikdded  that  water 
is  a  mobile  liquid,  colourless,  transparent,  without  taste  or  smell,  itc. 
It  is  unnecessary  to  dwell  on  these  properties  here,  as  water  is  familiar 
to  all ;  other  properties  will  also  be  pointed  out  in  describing  leiis  known 
substances.  Its  latent  heat  of  vaporisation  is  534  units,  nf  liquefac- 
tion 79  units  of  heat."     The  large  amount  of  beat  stored  up  in  water 

' '  Of  all  known  liqnida,  water  eihibits  the  );rei.tcBt  cohrinaii  of  parlicleti.  Indead,  it 
aM!euile  to  a  KTCBterlieiKlit  ill  capilluf  tubes  than  other  Uquide:  For  iiiatKnue,  two  and  k 
linlf  ItmeH  aa  liigli  ai  alcohol,  nearly  throe  times  as  high  us  other,  and  Ui  *  much  gieater 
height  than  oil  ot  Titriol.  Sec.  In  a  tube  of  two  millimetres  diametfr,  naler  at  0°  aHwuda 
lG-Snu1luiietteB.coUDtingfnHn  thelerel  ot  the  liquid  to  two-thirds  of  the  height  of  the 
meniKUB,  u.nd  at  100°  it  risea  I3-E  millimetres.  The  coheaion  rarien  very  nnitormlj'  with 
the  lemperatore  1  thai  at  !H)°  the  bright  of  the  capillary  column  eqoals  IS'9  niilliMielrea — 
that  ia,  the  mean  between  the  colDtunB  at  0^  and  100°.  This  uniformity  is  not  destroyed 
even  an  approaching  the  (leeung  point,  and  gives  reuon  to  think  tliat  at  high  tempera- 
turea  cohesion  wilt  rary  as  onilocmly  aa  at  ordinary  temperatures;  that  is,  the  difference 
between  (h«  coloaina  at  U°  and  100"  being  a-8  millitnetreB,  the  height  of  the  coli.mn  at 
600°  should  be  15-9-  (S  <  a-S)^]'3  millimeCreg.  Consequently,  at  these  high  temperatnnM 
the  cnheuon  between  the  paitidea  of  water  wanld  be  olmoet  nil.  Only  certain  solatious 
(aal  ammoniac  aiid  lithium  chloride),  and  these  only  with  a  great  eicess  o[  water,  rise 
higher  than  pure  water  in  capillary  tubes.  The  great  cohesion  of  water  doubtless 
determines  many  of  both  its  physical  and  chemical  properliea. 

The  qnanCity  of  heat  required  to  raise  the  temperature  of  one  part  by  weight  of 
water  from  nf  to  1'^,  i.f.,  by  1°  C,  is  ualled  the  unit  of  kcat  or  laloric;  the  tpeeifie 
luiat  of  liquid  ualtr  at  0°  is  taken  as  equal  to  unity.  The  vnristion  of  this  speeiSc 
beat  with  a  rise  in  temperature  i»  innonsidBrable  in  comparison  with  the  variation 
exhibited  by  the  specific  heata  of  other  liquids.  Acoording  to  Ettiiiger.  the  specific  he*t 
Dt  water  at  90°  -fOlB,  at  B0=  =  l'08»,  and  at  100°=l-a78.  The  sijccifl,'  heal  of  water  JB 
greater  than  that  of  all  other  known  liquids;  tor  example,  the  specific  heat  of  alcohol  at 
0°  ia  0*5170 — i.e.,  the  quantity  of  heat  wbicli  raises  GG  parts  of  water  1''  raises  100  p«rts 
of  alcohol  V.  The  speciflc  heat  of  oil  of  turpentine  at  0°  is  UiUm,  n!  ether  0-SSO,  of 
acetic  acid  O'EUT',  of  mercnry  O'liUH,     This  menni  that  water  is  the  Uest  condenser  or 
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FTapour  and  also  iu  liquid  water  (for  its  specific  lieat  is  greater  than 
[.'that  of  othei-  liquids)  renders  it  available  in  both  forms  for  heating 


I  ■baorbu  ol  best.    This  property  of  wab 


'Water  iuipedea  rapid 

I  •peoifie  betXa  of  ice  uid  Bqaeom 

f  Hbmt  of  ice  ii  0-SOl.  nnd  of  steUD  0 

With  ui  increius  in  preuiini  a 


e  niQoh  less  th^ 


O'OUOOafi. 


r  liquidB 


<*  like  otliei 


is  equal  to  OOlNm; 


ijuikl  to  one  aLmoBphere,  tbe  eon 
OWKNMT,  of  nieieurj  000000053,  ol  other  O'DOOia  at  0°,  at  alcohol 
addition  of  TirioDS  enbitiLncoa   to  water  generall;  aimDltaneoui 
pnuibilitr  ard  colieBion.    The  compresaibilitf  of  oUi 
a,  but  for  water  [t  decreoaea  up  to  GS°  and  t 
Ths  txpannon  of  icater  by  heat  (Note  0)  alHo  eil 

!t  liqaida.     The  expauaion  of  water  at  low  temperatarea  J 
■'MWDpHod  with  other  hqaida  ;  at  4."  it  reachea  even  0,  and  at  100=^  i 

Iwloiir  i"  it  ia  neKBtive— I.e.,  water  on  cooling  then  eipanda,  and  doea  not  decieaae  in 
In  paaaiug  into  A  solid  state,  the  apeciiic  gravity  of  water  decreasea  ;  at  0°  one 
Vi(Wi- of  water  wei|{hall'9W8aa  gram,  and  one  CA.  of  ice  at  the  aame  temperature  weigha  only 
W-^nn  gnun.  The  iee  formed,  however,  contraota  on  coaling  like  the  majority  ol  other 
~  "are  pnidneed  from  fla  volumea  of  water— that  ia, 

watetaipauda  couiiidemblf  on  (leemug,  which  tact  detenoinen  a  number  of  natural 
ptuuunacna.  The  freezing  point  of  water  faJle  with  an  inereaae  iu  preABore  (O'OOT'  per 
ahiioai^iere)f  beeaiiae  in  freeEiug  water  expands  (Thomson),  whilst  with  fiubstimctiH  which 
oootracl  in  solidifying  the  moiling  point  riaea  with  an  increase  in  preBsore;    thofl,  for 

When  liquid  water  passes  into  vapoor,  the  colieainn  of  its  particles  must  be  deatrojed. 
•a  the  partiolea  are  remared  to  such  a  distance   from  each  other  that  their  mutual 
m  DO  longer  eibibita  any  inflouiice.   Aa  tlie  cohesion  of  aqueoua  particles  varies  at 


It  the  ' 


P different  temperatures.  The  quantity  ol  heat  which  ia  cousni 
«l  one  part  by  weight  of  water,  at  different  temperatures,  into 
Bagnanlt  with  great  accuracy.    Hia  reaearchea  showed  that  oi 


^illb. 


raa  determined  by 
ly  weight  of  water 
lOa'li  +  O'gOSl  units 

«(  hMt,  wt  SO'  Hdl'T,  at  100°  637-0,  at  IBO  IIGa'3.  and  at  200°  6675.  But  thia 
qouttlty  inoludes  also  the  quantity  ol  heat  reqnired  for  heating  the  water  from  0°  to  t° — 
u.,lM«idBB  (he  latent  heat  of  evaporation,  alao  that  heat  which  ia  used  in  heating  the  water 
in  B  liqnid  itate  to  a  temperature  f^.  On  deducting  this  amount  of  beat,  we  obtain  tbe 
Uanl  of  evaporation  of  water  as  eWS  at  0°,  G7I  at  HCP.  Mi  at  100",  I9t  at  150°,  and  only 
4H  at  900°,  which  shows  that  tiie  convetainn  of  water  at  different  temperatarea  into 
Tapom  at  a  conataut  teniperatare  requires  very  diSerent  quantities  ol  heat.  This  is 
AMlj  dependent  on  tbe  diRerence  of  the  cohesion  of  water  at  different  temperaturei ; 
tfae  cohosiou  is  greater  at  low  tlian  at  high  temperetares,  and  therefore  at  low  lem- 
peralares  a  greater  quantity  of  heat  is  required  to  overcome  the  coheuioii.  Ou  comparing 
lldisii  quantities  of  beat,  it  will  be  observed  that  they  decrease  rather  niiilormly, 
namelT  their  difference  between  0°  and  100'  is  73,  and  between  100°  and  300 '  ia  HI  nnita 
of  heal.  From  this  we  may  conclode  that  this  variation  will  be  approximalely  tbe  samo 
for  hi|^  teroperatores  also,  and  therefore  that  no  heat  would  be  required  for  the  con- 
a  of  water  into  vapour  at  a  temperature  of  about  400°— 600'.  At  tbia  temperature, 
a  passes  into  vapour  whatever  be  the  pre«Bure  (see  chap.  U.  The  ahsolule  boiling 
It  of  water,  according  to  Dewar,  is  370°,  the  critical  pressure  106  atmoapheres).  It 
tt  Uere  b«  remarked  tliat  water,  in  presenting  a  greater  cohesion,  requirea  a  Urger 
to  vapour  than  other  llqnida.  Thus  alcohol  consnitiei 
De,  ether  VO,  turpentine  70,  units  of  beat  iu  tbeir  conversion  Into  vapour. 

Tbe  whole  amount  ol  heat  which  ia  consumed  in  the  converaion  of  water  into  vapour 
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purposes.       The  chemical  reactions  which  water  undergoes,  and   by 
means  of  which  it  is  formed,  are  so  numerous,  and  so  closely  allied  to 


liquid.  A  part  of  this  heat  is  employed  in  moving  the  aqueous  particles ;  in  fact,  aqueouH 
vapour  at  100°  occupies  a  volume  1,660  times  greater  than  that  of  water  (at  the  ordinary 
pressure),  consequently  a  portion  of  the  heat  or  work  is  employed  in  lifting  the  a^iueous 
particles,  in  overcoming  pressure,  or  in  external  work,  which  may  be  usefully  employed 
and  which  is  so  employed  in  steam  engines.  In  order  to  determine  this  work  we  will 
first  separately  consider  all  the  factors  necessary  for  this  calculation,  and  we  will  then 
make  a  deduction  from  the  comparison  of  these  factors. 

The  maximum  pressure  or  tension  of  aqueous  vapour  at  different  temperatures 
has  been  determined  with  great  exactitude  by  many  observers.  The  observations  of 
Regnault  in  this  respect,  as  on  those  preceding,  deserve  special  attention  from  their 
comprehensiveness  and  accuracy.  The  pressure  or  tension  of  aqueous  vapour  at  various 
temperatures  is  given  in  the  adjoining  table,  and  is  expressed  in  millimetres  of  the 
barometric  column  having  a  temperature  of  0°. 


Temperature 

Tension 

Temf>eratiire 

Tension 

-20° 

0-9 

70° 

238-3 

-10° 

2-1 

90° 

525-4 

0^ 

4-6 

100° 

7600 

+  10° 

91 

105° 

906-4 

15° 

12-7 

110° 

1075-4 

20° 

17-4 

115° 

1269-4 

25° 

23-5 

120° 

1491-3 

30° 

31-5 

150° 

35810 

50° 

920 

200° 

116890 

The  table  shows  the  boiling  points  of  water  at  different  pressures.     Thus  on  the 
summit  of  Mont  Blanc,  where  the  average  pressure  is  about  424  mm.,  water  boils  at 
84*4°.    In  a  rarefied  atmosphere  water  boils  at  even  the  ordinary  temperature,  but  in 
evaporating  it  absorbs  heat  from  the  neighbouring  parts,  and  therefore  it  becomes  cold 
and  may  even  freeze  if  the  pressure  does  not  exceed  4-6  mm.,  and  especially  if  the  vapour 
be  rapidly  absorbed  as  it  is  formed.     Oil  of  vitriol,  which  absorbs  the  aqueous  vapour,  is 
used  for  this  purpose.    Thus  ice  may  be  obtained  artificially  at  the  ordinary  temperature 
with  the  aid  of  an  air-pump.     This  table  of  the  tension  of  aqueous  vapour  also  shows  the 
temperature  of  water  contained  in  a  closed  boiler  if  the  pressure  of  the  steam  formed  be 
known.     Thus  at  a  pressure  of  five  atmospheres  (a  pressure  of  five  times  the  ordinary 
atmospheric  pressure — i.e.,  5x760  =  8,800  mm.)  the  temperature  of  the  water  would  be 
152  ^    The  table  also  shows  the  pressure  produced  on  a  given  surface  by  steam  on  issuing 
from  a  boiler.    Thus  steam  having  a  temperature  of  152°  exerts  a  pressure  of  517  kilos,  on  a 
piston  whose  surface  equals  100  sq.  cm.,  for  the  pressure  of  one  atmosphere  on  one 
sq.  cm.  equals  1,038  kilos.,  and  steam  at  152°  has  a  pressure  of  five  atmospheres.     As 
a  column  of  mercury  1  mm.  high  exerts  a  pressure   of  1*35959  grams  on  a  surface  of 
1  sq.  cm.,  therefore  the  pressure  of  aqueous  vapour  at  0°  corresponds  with  a  pressure  of 
6'25  grams  per  square  centimetre.     The  pressures  for  all  temperatures  may  be  calculated 
in  a  similar  way,  and  it  will  be  found  that  at  100°  it  is  equal  to  1,03328  grams.     This 
means  that  if  a  cylinder  be  taken  whose  sectional  area  equals  1  sq.  cm.,  and  if  water  be 
poured  into  it  and  it  be  closed  by  a  piston  weighing  1,033  gnuns,  then  on  heating  it  in  a 
vacuum  to  100°  no  steam  will  be  formed,  because  the  steam  cannot  overcome  the  pressure 
of  the  piston  ;  and  if  at  100"  534  units  of  heat  be  transmitted  to  each  unit  of  weight  of 
water,  then  the  whole  of  the  water  will  be    converted  into  vapour  having  the  same 
temperature ;  and  so  also  for  every  other  temperature.     The  question  now  arises,  To 
what  height  does  the  piston  rise  under  these  circumstances  ;  that  is,  in  other  words,  What 
is  the  volume  occupied  by  the  steam  under  a  known  pressure  ?     For  this  we  must  know 
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rUie  cBucCiona  of  miitiy  other  substances,  that  it  is  impossible  to  descnbe 
[  the  majority  of  tliem  at  this  enrly  stage  of  chemical  expositiou.  After- 
I  wards  we  shall  become  ai^quaiiited  with  many  of  theiu,  but  at  present 
I  we  shall  only  cite  certain  compounds  formed  by  water.  Fn  order  to 
I  see  clearly  the  nature  of  the  various  kinds  of  compounds  formed  by 

■ntluj  ftCELgbE  of  A  Dabic  uentimtf tre  of  flteam  at  ^ 
laxiwrimant  tliat  the  denaitT  ol  ateun,  whi 
I  biBnutdsnibly  nt  nil  pmsible  preeiiarBs,  uid 

9t«ani  wlikb  ■atnrstss  a  npacti  larieB  in  density  >t  differ 
VipcrMurv*.  bnl  thia  difference  ihvbcj  annklljuncl  itanTerftge  dauaity  with  referenci 
We  will  employ  this  fiKiira  in  our  colcQlution,  uid  will  calculate  what  to 
1  oecnpiea  at    100".      One  cubic  centimetre  of  aii  ul  0°    uid   7110  mn 
U'DOiaua 


inipemtureB.  It  has  been  ahowc 
not  Hutanilc  it  apace,  Turiee  i 
msB  the  density  iil  hydrogen  ai 


EVWISM  grun,  ti  IW  and  under  the  ai 


e  preeaim  it  will  weigh 


lA  grain,  und  canHeiiuently  one  cobic  centimetre  of  ateom  whose  density  ia  0'S4 

U  weigh  D-OOOaOo  gram  at  100°,  and  therefore  one    gram   of   winenas   vaponr   will 

ilnme  of  about   1,US3  e.c.      Conaequently,  the  piston  in  the  cylinder  of 

L 1  sq.  c.ni.  aectionol  area,  and  in  which  the  water  occnpied  a  height  n{  1  cm.,  will  be 

l^wiud  1,S63  cm,  on  the  converaion  of  this  water  into  steam.     Tbie  piston,  as  lias  been 

lonsd,  weighs  1,0B3  grama,  therefore  the  external  mark  of  Ike  ileant — that  is,  that 

^  Wnikwhkch  the  water  does  in  its  uonversion  into  uteom  at  100° — in  equal  to  lifting  a  piston 

B  weighing  1,083  grama  to  a  height  of  l.BS^i  cjn.,  or  17'07  kilogratD-iuetres  of  work— t.r..  is 

if  lifting  17  kilograma  1  metre,  or  1  kilogram  IT  metren.     One  gram  of  walsr 

or  ita  conversion  into  ateam  S31  gmm  imita  of  heat  or  0-G34  kilognun  units  ot 

'.^.,  the  quantity  of  heat  absorbed  in  the  evaporation  of  one  gram  of  water  is  equal 

0  the  qnantity  of  heat  which  is  capable  of  heatiug  1  kilogram  of  water  D'B34°.    Each 

jiot  heat,  OS  hsH  been  shown  by  accurate  experiment,  is  capable  of  doing  Hi  kilogram- 

ork.     Therefore,  in  evaporating,  one  gram  ot  water  eipenda  484kO'6M  — 

I  (aloKHt)   916  kilogram- metres  ol    work.      The  external  work   wa«   found  to  be   only 

I  IT  kilogiam*metre!i,  tbeiefoie  UOD  kilogram- metres  are  expended   in   oveloomiDg  the 

■  lolMIwl  cohesion  of  the  aqueuuB  partiL-lea,  and  consequently  about  U3  p.C-  of  the  heat  or 

J  work  consumed  goes  in  overcoming  the  internal  cohesion.    The  following  figures  are 

u  mlculateil  approiimately  -. — 


Tnuperotun 


1113 


173 


uarked  fr 


:easjLry  for  c 


Thna  it  will  be 
Rlarnal  mheaiou  of  water  in  its  passage  into  vaponr  decreasee 
toa;  tlus  ia   in    connection  with  Uie  decrease  of  cohesion  with   a   rise 
[fam^aod,  intact,  the  variations  which  take  place  in  this  eaae  are  vecy  eiroilar 
e  observed  in  the  heights  to  which  water  rises  in  capillary  tubes 
s  evident,  therefore,  that  the  amount  ot  external — or,  as 
ork  which  water  con  supply  by  its  evaporation  is  very  small  compared 
it»hi^  it  expends  in  its  conversion  into  vapoor. 
~  la  wmudering  cnlfun  pbysiuo-tnechanical  properties  of  water,  1  bad  iu  view 
il  importance  for  theory  and  practice,  but  also  their  purely  chemical  signifii 
Itl  ia  eridsnt  from  the  above  cansideratioDS  that  in  even  a  physical  change  ot 
tt  put  ol  the  work  occuiapliHbiHl  goes  in  overcoming  cohesian,  and  that 
sn.ot  atfinily,  is  an  euurmuus  internal  energy. 


diflerent 
with  the 


I 


56  PmSl.'11'LE.-i!   OF   t'lIEMlSTIIV 

wfttur  we  will  begin  with  the  most  feeble,  which  are  determined  bj- 
purely  mechanical  superficial  properties  of  the  veactiiijf  substances.'* 

Water  is  mechanically  atti-acted  by  many  substances  ;  it  adheres  to 
their  surfaces  just  as  dust  adheres  to  objects,  and  one  polished  gloss 
adheres  bi  another.  Such  attraction  is  termed '  moistening,' '  soaking,'  or 
'absorption  of  water.'  Thus  water  moistens  clean  glass  and  adheres  to 
its  surface,  is  absorbed  by  the  soil,  sand,  and  clay,  and  does  not  flow 
away  from  them  but  lodges  itself  between  their  particles.  Similarly, 
\rater  soaks  into  a  sponge,  cloth,  hair,  or  paper,  &c.,  but  fat  and  greasy 
substances  in  general  are  not  moistened.  Attraction  of  this  kind  does 
not  alter  tlie  physical  or  chemical  pi-operties  of  water.  For  instance, 
under  these  circumstances  water,  as  is  known  from  everyday  experi- 
ence, may  be  expelled  from  objects  by  drying.  Water  which  is  in  any 
way  held  mechanically  niay  be  dislodged  by  mechanical  means,  by  fric- 
tion, pressure,  centrifugal  force,  ic.  Thus  water  is  squeezed  from  wet 
cloth  V)y  pressure  or  centrifugal  roachities.  But  objects  which  in  pruc- 
tice  are  called  dry  (because  they  do  not  wet  people's  hands)  often  still 
contain  moisture,  as  may  be  proved  by  heating  the  object  in  a  glass 
tube  closed  at  one  end.  By  placing  a  piece  of  paper,  dry  earth,  or  any 
similar  object  (especially  porous  substances)  in  such  a  glass  tube,  and 
heating  that  part  of  the  tube  where  the  object  is  situated,  it  will  be 
reniai'ked  that  water  condenses  on  the  cooler  portions  of  the  tube.  The 
presence  of  such  absorbed,  or,  as  it  is  termed,  '  hygroscopic,'  watei'  is 
generally  best  recognised  in  non-volatile  substances  by  drying  at  100°, 

"  Wheu  it  is  ueceitHary  to  heat  n  considenblti  mans  at  liquid  ia  diflereiil  veiuelB,  it 
would  be  yerj  uueeononiicikl  to  meie  aao  Ot  metallio  veueU  and  to  construct  a,  separate 
Sra  gTBte  under  eacli  oue ;  aucli  cases  are  contmoally  met  with  in  pnwtiro.  A  ixiDsiderable 
nrnsB  of  water,  lor  inBtaace.  nw;  have  bo  be  lieated  tui  making  Bolutiane,  or  it  may  be 
required  to  eipel  volatile  liquids  from  diSerent  vessels  at  intennitl^iit  periods ;  as.  lor 
instnoce,  alcohol  from  partially  fermented  liquors,  Arc.  In  sucb  cases  one  boiler  or 
vessel  containing  wstur  is  mute  use  i>l.  Steam  from  this  bailer  is  introduced  into  the 
liquid,  or,  in  general,  iota  the  vessel  which  it  is  required  to  heat.  The  steam,  in  con- 
denaing  and  passing  into  a  liiiuid  state,  parts  with  its  latent  heat,  and  as  this  is  very 
Donsidetabla  a  small  quantity  of  steam  wilt  produce  a  considerable  heating  offevt.  If  it 
be  leqaired,  for  instance,  tu  heat  1,000  kiloa.  of  water  from  20^  to  SO^,  which  requires 
approximately  80,000  units  of  heat,  steam  heated  to  100°  is  passed  into  the  water  from 
a  bailer.  Each  kilogram  of  water  at  50°  contoiDs  about  GO  units  o(  heat,  and  each  kilo- 
gram of  steam  at  100"  contaius  HS7  units  of  heat ;  tberelore,  each  kilogram  of  steam  in 
cooling  to  S0°  gives  up  5HT  imita  oF  heat,  and  consequently  G3  kilos  of  steam  ore  capable 
o(  acoomphshing  the  required  healing  of  1.000  kilos,  of  water  from  SO''  to  SO'-'.  Water  ia 
very  often  applied  (or  heating  in  chemical  practice.  For  tliis  pur].ioBe  uietollic  vesseU 
ot  puis,  called  *  watel-baths,'  are  made  use  of.  They  are  closed  by  a  cover  formed  ot 
concentric  rings  lying  on  each  other.  The  objects — snch  as  Leakers,  evaporating  boaiili, 
retorts.  &c.— containing  liquids  ore  placed  on  these  rings,  and  the  water  in  the  bath  is 
heated.  The  steam  given  oB  heats  tbe  bottom  ol  the  vesseU  to  be  beateil,  and  thus 
acoainpUshes  the  evaporation  or  distillation  or  other  required  process.  A  water-bath 
may  also  be  used  for  heating  a  vessel  directly  immersed  in  the  water. 
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or  uuder  tlie  receiver  of  an  air-pump  and  over  eubstancea  which  attract 
water  chemically.  By  wpigliing  a  substance  liefore  and  after  drying,  it 
is  easy  to  determine  the  amount  of  hygroscopic  wat-er  from  the  loss  in 
weight."     Only  in  this  case  the  nmount  of  water  must  be  judged  with 

'  Id  order  lu  dry  onjf  nubstnnce  at  about  100° — tliat  is,  at  tbe  hniling  [mint  of  wiit«r 
F  (bygruMu^io  water  piiaseH  oft  at  this  tempenttare) — on  Kp|>iiriitus  called  a  '  drjing-oten  ' 
iplojred.  It  EOBBists  of  a  doable  ooiiper  boi ;  waCer  in  [Hnired  into  the  spiue 
len  tile  inlemal  aod  external  boxes,  and  tbe  oreli  i»  then  liettted  over  a  atore  or  bj 
I  uiy  other  meani,  or  elie  atsun  from  a  boiler  is  passed  between  Ihe  walla  of  the  two 
I  bnm.  When  Ilie  water  boil»,  the  temperature  inside  tbe  inner  boi  will  be  apiiraiiiuatelf 
f  100°  C.  The  Hubitance  to  be  dried  ia  plitced  inside  the  oven,  and  the  door  ia  cloBSd. 
I  Sererml  holee  are  out  in  the  door  to  allow  tbe  tree  pawaage  of  ah,  which  carries  ofl  the 
I.  •ifneoas  tnpour  b;  the  chimney  on  tbe  top  of  tbe  oven.  Ott«n,  howereri  deaiocation  ia 
(csiricd  on  in  copper  orena  heated  directly  over  a  lamp  Bg,  1S|.    In  this  case  auy  deainid 


tanprnatUTe  may  be  obtained.  whiEh  ia  determined  by  a  thermometer  filed  In  a  apecini 
ariSoa.  lliGre  are  substsnceB  which  only  part  with  their  water  at  a  mach  higher 
iMnpenitim  thsii  100°.  and  then  auch  air  batbe  are  very  useful.  In  order  to  directly 
dstatmiiw  the  stnoont  of  water  in  a  auhatance  which  does  not  part  with  anything  eicept 
_  WBtar  at  a  red  heat,  ths  subatance  ia  placed  in  a  bulb  tutw.  By  first  weighing  the  tube 
bthesnbBtanoe  tobedriedinit.theweigbtof  the  aubstance  takenmay 
mbOBii.  The  tube  ia  then  connected  on  one  aide  with  n  gas-holder  full  of  air.  which,  on 
ig  a  *tup«K.'k,  puaaea  first  through  a  Saak  containing  sulphuric  acid,  and  then  into 
g  Inoips  of  pumice  alone  moistened  with  sulphuric  acid.  In  passing 
4elB  the  air  is  thoroughly  dried,  having  given  up  all  its  moisture  to  the 
■a  aoid.  Thus  dry  air  nill  pasa  into  the  bulb  tube,  and  as  bygroscopio  water  ia 
giien  up  Irom  a  subatance  in  dry  air  at  even  t>ie  ordinary  teniperatorc,  and  still 
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care,  because  the  loss  in  weight  may  sometimes  proceed  from  the  de- 
composition of  the  substance  itself,  with  disengagement  of  gases  or 
vapour.     In  making  exact  weighings  the  hygroscopic  capacity  of  sub- 
stances— that  is,  their  capacity  to  absorb  moisture — must  be  continually 
kept  in  view,  as  otherwise  the  weight  will  be  untrue  from  the  presence 
of  moisture.     The  quantity  of  moisture  absorbed  depends  on  the  degree 
of  moisture  of  the  atmosphere  (that  is,  on  the  tension  of  the  aqueous 
vapour  in  it)  in  which  a  substance  is  situated.     In  an  entirely  dry 
atmosphere,  or  in  a  vacuum,  the  hygroscopic  water  is  expelled,  being 
converted  into  vapour  ;  therefore,  if  we  have  the  means  of  drying  gases 
(or  a  vacuum) — that  is,  of  removing  the  aqueous  vapour  from  them — 
objects  impregnated  with  water  may  be  entirely  dried  by  placing  them 
in  such  a  desiccated  atmosphere.     The  process  is  aided  by  heat,  as  it 
increases  the  tension  of  the  aqueous  vapour.     Phosphoric  anhydride  (a 
white  powder),  liquid  sulphuric  acid,  solid  and  porous  calcium  chloride, 
or  the  white  powder  of  ignited  copper  sulphate  are  most  generally 
employed  in  drying  gases.     They  absorb  the  moisture  contained  in  air 
and  all  gases  to  a  considerable,  but  not  unlimited,  extent.     Phosphoric 
anhydride  and  calcium  chloride  deliquesce,  become  damp,  sulphuric  acid 
changes  from  an  oily  thick  liquid  into  a  more  mobile  liquid,  and  ignited 
copper  sulphate  becomes  blue ;  after  which  changes  these  substances 
partly  lose  their  capacity  of  holding  water,  and  can,  if  it  be  in  excess, 
even  give  up  their  water  to  the  atmosphere.    We  may  remark  that  the 
order  in  which  these  substances  are!^placed  above  corresponds  with  the 
order  in  which  they  stand  in  respect  to  their  capacity  for  absorbing 
moisture.    Air  dried  by  calcium  chloride  still  contains  a  certain  amount 
of  moisture,  which  it  can  give  up  to  sulphuric  acid.     The  most  com- 
plete desiccation  takes  place  with  phosphoric  anhydride.     Water  is  also 
removed  from  many  substances  by  placing  them  in  a  basin  over  a  vessel 
containing  a  substance   absorbing   water  under   a  glass  bell.'^     The 
bell,  like  the  receiver  of  an  air  pump,  should  be  hermetically  closed. 

more  rapidly  on  heating,  the  moisture  given  up  by  the  aubfltance  in  the  tube  will  be 
carried  off  by  the  air  passing  through  it.  This  damp  air  then  passes  through  a  U-shaped 
tube  full  of  pieces  of  pumice  stone  moistened  with  sulphuric  acid,  wliich  absorbs  all  the 
moisture  given  off  from  the  substance  in  the  bulb  tube.  Thus  all  the  water  expelled 
from  the  substance  will  collect  in  tlie  U  tube,  and  so,  if  this  be  weighed  before  and  after, 
the  difference  will  show  the  quantity  of  water  expelled  from  the  substance.  If  only  water 
(and  not  any  gases)  come  over,  the  increase  of  the  weight  of  the  U  tube  will  be  equal  lo 
the  decrease  in  the  weight  of  the  bulb  tube. 

!■*  Instead  of  under  a  glass  bell,  drying  over  sulphuric  acid  is  often  carried  on  in  a 
desiccator  composed  of  a  wide-mouthed  low  glass  vessel,  closed  by  a  well-fitting  ground- 
glass  stopper.  Sulphuric  acid  is  poured  over  the  bottom  of  the  desiccator,  and  the 
substance  to  be  dried  is  placed  on  a  glass  stand  above  the  acid.  A  lateral  glass  tube  with 
a  stop-cock  is  often  fused  into  the  desiccator  in  order  to  connect  it  with  an  air  pump,  and 
so  allow  drying  under  a  diminished  pressure,  when  the  moisture  evaporates  more  rapidly. 
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In  this  case  desiccation  takes  jii&cn  ;  liecause  sulphuric  acit),  for  ioEtoDce, 
first  dries  the  air  in  the  bell  by  ubsorbmg  its  moisture,  the  substance 
to  be  tlried  then  paits  with  its  moisture  to  the  dry  air,  from  which  it  is 
ftgnin  absorlwd  by  the  sulphuric  acid,  itc.  Desiccation  pi-oceeda  still 
better  under  (he  receiver  of  an  air  pump,  for  then  the  aqueous  vapour 
IE  formed  more  quickly  tLun  iu  a  bell  full  of  air. 

From  what  bas  been  said  above,  it'  is  evident  thai  the  transference 
of  moisture  to  gases  and  the  absorption  of  hygroGco]>ic  inoisture  present 
great  resemblance  to,  but  still  are  not,  chemical  combinations  with 
water.  Water,  when  combined  as  hygi-oscopic  watei-,  does  not  lose 
its  properties  and  does  not  form  new  substances,'* 

The  attraction  of  water  for  substances  which  dissolve  in  it  is  of  a 

different  character.     In  the  solution  of  substances  in  water  there  pro- 

I    ceeds  a  peculiar  kind  of  indefinite  combination  ;  there  is  formed  a  new 

homogeneous  substance  from  the  two  substances  taken.     I!ut  here  also 

the  bond  connecting  the  substances  is  very  unstable,     ^^'nter  contain' 

I  ing  different  substances  iu  solution  boils  at  a  temperature  near  to  its 

}  usual  boiling  point,  and  acquii-es  properties  which  are  closely  allied  to 

I  the  properties   of  water  itself  and  of  the  substances  dissolved  in  it. 

'  Thus,  from  the  solution  of  substances  which  are  lighter  than  water 

itself,  there  are  obtained  solutions  of  a  less  density  than  water— as,  for 

[  example,  in  the  solution  of  idcohol  in  water  ;  whilst  a  heavier  sub- 

i  stance  in  dissohiug  in  water  gives  it  a  higher  specific  gravity.     Thus 

'  Hilt  water  is  heavier  than  fresh."' 

ill  consider  aqueous  Boliittons  somewhat  fully,  because,  among 
[  other  reasons,  solutions  are  constantly  being  fomietl  on  the  earth  anil 
I  in  the  waters  of  the  earth,  in  plants  anrl  in  animals,  in  chemical  prac- 
I  tice  and  in  the  arts,  and  these  solutions  play  an  important  part  in 
3  chemical  transformations  wliich  are  everywhere  taking  place,  not 
I  only  because  water  is  everywhere  met  with,  but  chiefly  because  a  sub- 
I  atftDce  in  solution  presents  the  most  pi-opitious  conditions  for  llie  process 
Kel  chemical  changes,  which  require  a  mobility  of  parts  and  an  intimate 

I*  Chii[iiiy,  biiwevtr.  determined  that  in  wetting  1  gnun  of  ~       ~ 

■  •«f  bwl  Bra  evolved,  nnd  on  poUFing  carbon  bianlphida  over  1 
T' M  M  uiiits  of  hrat  nre  evolved.  Alumina  <1  gciun).  vlien  mi 
m-^i  mloriea.     This  indicntee  that  even  in  reapeot  to  evolution 

viit>  a  tnuneitiou  tow&tdB  eiothermal  combimitiona  (those  evolvuij;  beat  lu  tbeir 
lation),  liks  anlutionB. 

•  9lr«nK  aretii:  ndil  (Ci&,0,),  wIiobb  Bpecifio  gravity  at  16°  ia  I'(16B,  dncn  not  baoomH 

le  addition  uf  water  (a  lighter  aohatanoo,  »p.  gr.=0'W»),  hut  hmviBr,  w  Ihal 

■  lolBtion  of  M)  iiaita  nl  mwCic  auid  aud  90  parCa  o(  water  ba*  a  speoifle  gravilf  of  I'OT*, 

Hilution  or  ei|ual  jHirts  of  acetic  acid  and  iial«r  (GO  p,c.)  has  a  sp.  gr.  of  IDeB, 

"vIlMb  ia  ulill  grmter  Ihiui  that  oF  acetlt  acid  itself.     Tliia  nhuwa  the  liigli  ilegree  of  con- 

ch  takes  pLu-e  on  t<olution.     Iu  FiUrl.  bolutioDH^-and,  iti  general,  lij^oida — on 

B  miriltit  with  water,  decrease  in  volume. 


if  heat  moiiiteniiii!  already 
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contact.     In  dissolving,  a  Bolid  substance  acquires  a  mobility  of  parts, 

and  a  gaa  loses  its  elasticity,  and  therefore  reactions  often  take  place 

in  solutions  which  do  not  proceed  in  the  undissolved  substances.     Fur- 

^L  ther,  a  substance,  distributed  in  water,  evidently  breaks  up  {or  '  disin- 

^1  tegtates  ')^thnt  is,  becomes  more  like  a  gas  and  acquires  a  greater 

^H  mobility  of  parts.     All  these  considerations  require  that  in  describing 

P 


the  properties  of  substances,  particular  attention  should  be  paid  to  their 
relation  to  water  as  a  solvent. 

Everybody  knows  that  water  dissolves  many  substances.  Salt, 
aagar,  alcohol,  and  a  numlierof  other  su)>stances,  by  dissolving  in  water 
form  with  it  homogeneous  liquids.  To  clearly  show  the  solubility 
of  gases  in  wat«r  a  gas  should  be  taken  which  has  a  high  co-efficient 
of  solubility — for  instance,  ammonia.  This  is  introduced  inUi  a  bell 
(or  cylinder,  as  in  fig.  14),  which  is  previously  filled  with  mereury 
and  stands  in  a  mercury  bath.  If  water  be  then  introduced  into  the 
cylinder,  the  mercury  will  rise,  owing  to  the  water  dissolving  the 
ammonia  gas.     If  the  column  of  mercury  lie  le.ss  than  the  barometric 
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column,  find  if  tliere  bfi  sufficient  water  to  dissolve  the  gaa,  all  the 
amiuoniu  will  be  nbsorljed  by  the  wnt^r.  The  wnt*r  is  introducetl  into 
the  cylinder  by  a  ghiss  pipette,  wiih  a  bent  end.  Its  bent  end  is  put 
into  water,  and  the  air  is  sucked  out  from  the  upper  end.  When  fall 
of  water,  its  upper  end  is  closed  with  the  liiiger,  find  the  bent  end  placed 
in  the  mercury  bulli  under  the  orifice  of  the  cylinder.  The  water  will 
then  be  forced  from  the  pipette  hy  the  atmospheric  pressure,  and  will 
rise  to  the  surface  of  the  mercury  in  the  cylinder  owing  to  its  lightness. 
The  solubility  of  a  gas  like  ammonia  may  be  denionstmterl  by  taking  a 
fl&Bk  full  of  the  gaa,  and  closed  by  a  cork  with  a  tu'oo  passing  through 
it.  On  placing  the  tube  under  water,  the  water  will  rise  into  the  flask 
{this  may  be  accelerated  hy  heating  the  flask),  and  begin  to  play  like  a 
fountain  inside  it.  Both  the  rising  of  the  mercury  and  the  fountain 
clearly  show  the  considerable  affinity  of  water  for  ammonia  gas,  and  the 
force  acting  in  this  dissolution  is  rendered  evident.  For  Iwth  the  homo- 
geneous inteniiixture  of  gases  (diffusion)  and  the  process  of  solution  a 
cei'tain  period  of  time  is  required,  which  depends,  not  uidy  on  the  sur- 
face of  the  participating  aubstances,  but  also  on  their  nature.  This  is 
«een  from  experiment,  Prejiarerl  solutions  of  different  substances 
heavier  than  water,  such  as  salt  or  sugar,  are  poured  into  tall  jars. 
Pure  water  is  then  most  carefully  poured  into  these  jars  (through  a 
funnel)  on  to  the  top  of  the  solutions,  so  as  not  to  disturb  the  lower 
stratum,  and  the  jars  are  then  left  undisturbed.  The  line  of  demai-ca- 
tion  between  the  solution  and  the  pure  water  will  be  visible,  owing  to 
their  different  co-efficients  of  refraction.  Notwithstanding  that  the 
ilutions  taken  are  heavier  than  water,  after  some  tinie  complete  inter- 
lixture  will  ensue.  Gay-Lussac  convinced  himself  of  this  fact  by- 
particular  experiment,  which  he  conducted  in  the  cellars  under  the 
Paris  Astronomical  Observatory.  These  cellars  are  well  known  as  the 
locality  where  numerous  interesting  researches  have  been  conducted, 
because,  owing  to  their  depth  under  ground,  they  have  a.  uniform  teui- 
perature  during  the  whole  year  ;  the  temperature  does  not  change 
during  the  day,  and  this  was  indispensable  for  the  experiments  on  the 
diffusion  of  solutions,  in  order  that  no  doubt  in  their  results  should 
from  a  daily  change  o£  temperature  (the  experiment  tasted  several 
.months),  which  would  set  up  currents  in  the  liquids  and  intermix  their 
[vtnkta.  Notwithstanding  the  uniformity  of  the  temperature,  the  sub- 
I  solution  in  time  ascended  into  the  water  and  distributed  itself 
iviufonoly  through  it,  proving  that  there  exists  between  water  and  a 
ihetonce  dissolved  in  it  a  particular  kind  of  attraction  or  striving  for 
lutual  interpenetration  in  opposition  to  the  force  of  gravity.  Further, 
effort,  or  rate  of  diffusion,  is  different  for  salt  or   sugar  or  for 
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various  other  substances.  Consequently,  in  solution  there  acts  a 
peculiar  force,  as  in  actual  chemical  combinations,  and  solution  is  de- 
termined by  a  peculiar  kind  of  movement  (by  the  chemical  energy  of  a 
substance)  which  is  proper  to  the  substance  dissolved  and  to  the  sol- 
vwit, 

Graham  made  a  series  of  experiments  similar  to  those  above 
cl^scribed,  and  he  showed  that  the  rate  of  diffusion}'*  in  water  is  very 
x^Miable  —that  is,  a  uniform  distribution  (under  perfect  rest,  and  with 
{^^  an  arrangement  of  the  strata  of  the  solutions  that  uniformity 
takes  place  in  opposition  to  gravity)  of  a  substance  in  the  water  dis- 
solving it  is  attained  in  different  periods  of  time  with  different  solutions. 
Oraliam  compared  diffusive  capacity  with  volatility.  There  are  sub- 
stances which  diffuse  easily,  and  there  are  others  which  diffuse  with 
difficulty,  just  as  there  are  more  or  less  volatile  substances.  Seven 
hundred  cubic  centimetres  of  water  was  poured  into  a  jar,  and  by  means 
of  a  syphon  (or  a  pipette)  100  cub.  centimetres  of  a  solution  containing  10 
grains  of  a  substance  was  cautiously  poured  in  so  as  to  occupy  the  lower 
portion  of  the  jar.  After  the  lapse  of  several  days,  successive  layers  of 
M)  cubic  centimetres  were  taken  from  the  top  downwards,  and  the  quan- 
tity of  substance  dissolved  in  the  different  layers  determined.  Thus, 
common  table  salt,  after  fourteen  days,  gave  the  following  amounts  (in 
milligrams)  in  the  respective  layers,  beginning  from  the  top  :  104.  120, 
126, 198,  267,  ;U0,  429,  535,  654,  766,  881,  991,  1,090, 1,187,  ami  2,266 
in  the  remainder  ;  whilst  albumin  in  the  same  time  gave,  in  tlie  first 
aeN'en  layers,  a  very  small  amount,  and  beginning  from  the  eighth  layer, 
10,  15,  47,  113,  343,  855,  1,892,  and  in  the  remainder  6,725  milli- 
grams. Thus,  the  diffusive  power  of  a  solution  depends  on  time  and 
iUi  the  nature  of  the  substance  dissolved,  which  fact  may  serve,  not  only 
for  the  explanation  of  the  process  of  solution,  but  also  in  distinguishing 
one  Rubstance  from  another.  Graham  showed  that  substances  which 
rapidly  diffuse  through  liquids  are  able  to  rapidly  pass  through  mem- 
branes and  crystallise,  whilst  substances  which  diffuse  slowly  and  do  not 
crystallise  are  colloids,  that  is,  resemble  glue,  and  penetrate  through 

1^  The  researches  of  Graham,  Pick,  Nernst,  and  others  showed  that  the  quantity  of  a 
dinolved  substance  which  is  transmitted  (rises)  from  one  stratum  of  hquid  to  another  in 
A  vertical  cyHndrical  vessel  is  not  only  proportional  to  the  time  and  to  the  sectional  area 
of  the  cylinder,  but  also  to  the  amount  and  nature  of  the  substance  dissolved  in  a  stratum 
of  liquid,  so  that  each  substance  has  its  corresponding  co-efficient  of  diffusion.  The  cause 
of  the  diffusion  of  solutions  must  be  considered  as  essentially  the  same  as  the  cause  of 
the  diffusion  of  gases — that  is,  as  dependent  on  movements  whicli  are  proper  to  their 
molecules ;  but  here  most  probably  those  purely  chemical,  althoug}i  feebly-develoi>ed, 
forces,  which  incline  the  substances  dissolved  to  the  formation  of  definite  compounds, 
Also  play  their  part. 
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IS  membrane  slowly,  aiid  form  jellies  ;  J.!iat  is,  uccur  in  insoluble 
forms.'* 
'*  The  mteofdifluHioii^likelhe  ratcoltninsmiRBifin — throuKh  membrnnea,  nr  iZih/j;«ii 
(which  pUrn  m  unportuit  put  in  the  Tita!  proceuea  of  orguiiains  ajid  *liio  in  levhakul 
Vork),  prvaentB,  accaidmg  to  the  researches  »I  Orohain,  a  Bharpl^-defined  change  in 
PMsuig  from  «noh  crjBta]li«hb1e  4iibatancflB  u  the  majority  of  ialts  aud  ocidfl  to  ftnb- 
■Uncea  which  are  capable  of  giving  jellies  {(turn,  gelatin,  iCc.),  The  former  diffuee  into 
■olationa  uid  pnsa  thioogh  uiembmneH  much  more  rapid!;  than  the  latter,  and  Oraham 
tharefore  diitingniBheB  between  rryttalloiiU,  which  dithue  rapidly,  and  colloidi,  which 
dilFuae  slowly,  Od  breaking  solid  colloids  into  pieces,  a  total  absence  of  cleavage  ia 
reuuuked.  The  (tactuns  of  iucb  auhstanoea  ia  like  that  of  glue  or  glass.  It  is  termed  a 
4>0DclioidiJ '  fraclore.  Almost  all  the  sabstanceB  of  which  auitnol  and  vegetable  bodiea 
a  Dolloida,  and  tliis  is,  at  all  eventa,  partly  the  reason  why  animnla  and  plants 
'fjure  such  varied  forma,  which  have  no  TeaeiablaDce  to  the  crystalline  forms  of  the 
jority  of  mineral  anliBtHures.  The  colloid  solid  subBtanoeB  in  organisms — that  ia,  in 
ala  and  plants — are  usually  soaked  with  water,  and  take  most  pecnliar  lomia,  ol  net- 
s,  of  gianulee,  of  liaira,  of  mucous,  ehapeleae  niasBes.  ^c,  which  are  quite  different 
the  forma  taken  by  crystalline  substatices.  When  colloids  separate  out  from  aolu- 
[ittona,  or  from  a  molten  state,  they  present  a  form  which  is  similar  to  that  of  the  liquid 
which  they  were  formed.  Glass  may  be  taken  aa  the  beat  example  of  this.  Colloids 
diitingnJahable  from  crystalloids,  not  only  by  the  absence  of  crystalline  (orm,  but  by 
hJBMljr  other  properties  which  admit  o!  clearly  diatinguiahing  both  theee  classos  of  solida. 
Wat  shown  fay  tlie  above-mentioned  Engliah  scientific  man,  Grabtun,  Nearly  all 
coUtuds  are  capable  of  passing,  under  certain  circumatances,  from  a  soluble  into  an 
ioaolnble  state.  The  best  eiample  is  shown  by  white  of  eggs  (albumin)  in  [he  raw  and 
loluble  fonn,  and  in  the  hard-boiled 
and  insoluble  form.  The  majority 
of  coUoids,  o 
Milnble  form    in    the    | 


■.'Hbtu 


■gaiu  forma  a  jeUy  which 
•olDble  ill  water-  One  of  th. 
perties  which  diatinguiah  c< 
(roiu  LTjsUlloids  is  that  the  I 
pass  very  slowly  through  a 
btaae,  whilst  the  latter  penetro 
at  both  ends,  and  by  oovei 
[uudxed  paper  immersed 
ita  vulnine  of  watei 

lied  to  the  oylindi 


lUoidi 


very  rapidly.  This  may  be  shown  by  taking  a  cylinder, 
i;  tta  lower  end  with  a  bladder  or  witb  vegetable  parch- 
twoor  three  minutes  in  a  miitureof  sulpbnric  acid  anil 
.  waahed},  or  any  other  memfaranoas  anbalanoe  |all  each 
I  in  an  insoluble  form).  Themembrane  must  be  llnnly 
leare  any  opening.    Sach  an  apparatas  ia  called  a 


iftafiraer  lUg.  15),  and  Ihe  procesa  of  separaUon  of  crystalloids  from  colloids  by  means  of 
mch  a  membrane  is  termed  dialytit.  An  aqneoas  solution  of  a  crystalloid  or  colloid, 
or  a  mixture  ol  both,  is  poured  into  the  dialyser,  which  is  tlien  placed  in  a  vessel  cou- 
tainiiig  water,  so  that  the  bottom  of  the  membrane  is  covered  witli  water.  Then,after  a 
certain  perinl  of  lime,  the  crystalloid  pasws  tbroogh  the  membrane,  whilst  the  colloid, 
if  it  doea  pass  through  at  all,  dues  so  nt  an  incomparably  slower  rale.    Tlie  crystalloid 
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If  it  lie  (iDsired  to  lucrease  the  rate  of  sotution,  recourse  must 
lie  had  to  stirring,  slinking,  fir  sfime  such  mechanical  movement, 
oblij{inj(  the  solution  formed  murid  the  given  substance  to  rise  up- 
wards if  the  Rolutiiin  lie  heavier  than  water.  But  if  once  a  uniform 
solution  is  furtned,  it  will  remain  uniform  if  the  temperature  be 
uniform,  no  matter  how  heavy  the  dissolve*!  substance  is,  or  how  long 
the  solution  be  left  at  rest,  which  fact  again  shows  the  presence  of  a 
force  holding  together  the  particles  of  the  Ixidy  dissolved  and  of  the 
solvent.'" 

imlaiKltjr  pHHsee  Uiruugh  isla  the  wKlet  until  the  solutiou  attnius  tliD  taiae  streDgth  □□ 
both  udeB  ot  the  metnbriine.  By  replKing  the  ontBidu  water  with  freiih  water,  a  freah 
quantity  of  tlic  cryotalloid  may  be  Hparoled  from  the  dialyaer.  Whilp  a  orTntalloid  ia 
paiHing  throng))  the  inenibnuie.  a  colloid  remains  alraoal  entirely  in  the  ilialyier,  uid 
theraFore  &  mixed  floluCion  of  tlieae  two  Idnda  of  aubatancree  raay  be  separate  Trom  each 
other  by  a  dioiyiier.  The  Htndy  ol  t' 
Ihflir  pasiMge  througli  membuuies,  t 
which  are  sccompliahed  in  orgaiiiums 

'*  The  (ormayon  ot  Kilutiona  may  bo  ronsidnrHd  in  two  aspecta,  (inm  a  phy  sieal  and  from 

■  ohemical  point  o[  riev,  and  it  in  more  evident  in  Boluttoni  Iban  in  any  other  department 
of  chemintry  thai  thtwe  provineea  of  natural  acionce  are  allisd  together  in  n  most  intimate 
maimer.  On  one  hand  solatian*  form  a  particutsr  aspect  o[  a  pfayaico-mechanieal  tnter- 
ponetration  of  homogeiieoua  sabatancen,  and  a  jiutapontJoii  of  the  molecolea  of  the  aub- 
■Unce  diaaolved  and  ot  the  nolveot.  similar  to  the  juilapoHition  which  La  eihibiled  in 
homogeneona  inbiUucea.  From  thia  point  of  view  thiti  diffnBioii  of  eolutione  in  exactly 
•iinilar  lo  the  iliffDaion  of  Kaiei,  with  only  lhi«  difference,  that  the  nature  and  store  ot 
Hnetgyii  different  in  gaeea  Imni  what  it  it  inliqiudg,and  that  is  liquids  there  ieoouHider- 
able  friction  wUilit  in  gases  there  iscomparaliTely  little.  The  penetration  ot  a  digBolvad 
•abatnaoe  into  water  is  likened  to  eraporation,  and  eolation  to  the  tunuation  ot  raponr. 
This  reeemhlonce  was  clearly  eipiesaed  even  by  Graham.  In  recent  years  the  Dutch 
ohemiat.Van't  HolT.hiui  developed  this  view  of  solutiona  in  great  detail,  having  shown  |in 

■  memoir  in  the  Traiuactioiu  of  thu  Swrdiih  Acadeiiiij  of  Sciencr.  Part  Bl.  No.  IT, 
'  Lois  de  VAjnilihre  chimique  dans  IVtat  dilue,  goiaoir  au  disaous,"  ISflft),  thnt  tor  dilute 
solutions  the  oimolic  preaiure  foUowa  the  same  laws  (of  Boyle,  Mariotte,  Gay-Lusaac, 
and  Avogadro-Gerhardtl  as  for  gases.  The  osmotic  pressure  of  a  trabstance  dissolvid  in 
water  is  determined  by  means  ot  membranes  which  allow  the  lussage  of  water,  but  not 
of  a  Hobstonce  dissolved  in  it,  through  them.  This  property  is  found  in  animal  prats' 
plasmic  membranes  and  hi  porous  substances  covered  with  an  amorphoos  precipitate 
such  as  is  obtained  by  the  action  ot  copper  sulphate  on  potaasium  ferrocyanide  (PIteiter 
Tranlw).  It,  (or  insUnce,  a  one  p.c.  solution  of  sugar  be  placed  in  sneh  »  vessel, 
which  is  then  closed  and  placed  In  water,  then  the  watur  passes  through  the  walls 
ot  the  vessel  and  increases  the  presaore  by  Kli  mm.  of  the  barometric  column.  If  the 
pressure  he  artificially  increased  inside  the  veiisel,  then  the  wal«r  will  b«  expelled 
tliruugb  the  walls,  Tlie  osmotic  pressure  ot  dilute  sulutions  determined  in  this  manner 
(from  observations  made  by  Pffeifer  snd  De  Vriesl  was  shown  to  follow  the  same  laws 
as  those  of  the  pressure  of  gaae* ;  lor  instinee.  by  doubling  or  increasing  the  quantity  ol 
a  salt  (in  a  given  volume)  n  times,  the  pressure  is  doobled  or  inoreases  «  times.  One  of 
the  extreme  consetjnences  of  the  resembhuice  of  osmotic  pressure  to  gaseons  pressure 
Is  that  blie  concentration  of  a  uniform  solution  varies  in  parts  whiuh  are  heated  or  cooled. 
Soret  (18S1I  indeed  observed  that  ■  solution  o(  copper  sulphate  containing  17  parts  of 
the  salt  at  SO'  only  contained  14  ports  after  healing  the  upper  portion  ot  the  tobe  to 
90°  for  a  long  period  ol  time.  This  aspect  ot  solution,  which  is  now  being  very  carefully 
and  folly  worked  out,  may  bo  called  the  phyiical  aide.  Its  other  aspocl  is  porely 
chemical,  for  solnlion  does  not  toko  place  betwoen  cny  two  substances,  but  requites  a 
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In  the  consideration  of  the  procesa  of  solution,  besides  the  con- 
[  ception  of  difiusion,    anotlier   fundamental   conception    is   necessaty, 
namely,  that  of  the  saiuralion  of  tolutionn. 

fpeeiii  >nd  ptrtirulor  atCrBftian  or  ^fflnity  between  them.    A  vipour  or  gks  permeateH 

inW  Buy  other  vapour  or  gas,  liut  t,  ult  nhii^h  dissolTeii  in  WHter  may  not  be  iu  the  least 

soluble  iti  alcohol,  and  is  qnite  insoluble  in  meroary.    In  totiHiiiering  ftolntion  as  a.  maui- 

(MtMioD  of  chemieal  focoea  luid  nt  ohemieal  energy),  it  mnat  be  acknowledged  that  Uiey 

I '  ue  here  dereloped  to  bo  feeble  an  extent  that  the  definite  compounds  (that  is,  those 

I '  fonDed  acoordiag  to  the  Uw  at  multiple  proportions)  vhiuh  are  formed  between  water 

[  Uld  a  aoliible  Bubatniice  disinciitle  at  even  the  ordinary  teniperatore.  torming  a  homo- 

[  feneoUB  aystem^tliat  ie,  one  where  bath  the  compound  and  the  products  into  which  it 

nposea  (water  and  the  miueouu  campoaad)  occur  in  a  liquid  state.    The  chief  difM- 

L- oulty  in  the  compreheuftion  of  aolotions  dependa  on  the  fact  that  the  mechanical  theory 

I  of  the  Htmctnre  p(  lirguids  has  not  yet  been  u>  fully  developed  as  the  tlieoiy  of  gases,  auit 

.ian>  an  liquidn..  The  conception  o!  golatiaus  as  liquid  dissociated  definite  chemical 

[  eompounda  is  based  on  thetoUowing  considerations:  (1)  that  there  exist  certain  ondoubt- 

[.  tdlj  defiluto  chemical  crystftllina  compounds  (such  as  HjSO,,  HjO ;  or  NaCl,  1I)H,0;  or 

I'  CftClg,  OHiO  i  &e4  which  mett  on  a  certain  rise  of  temperature,  sjid  then  form  real  solu- 

i;  (S)  that  metallic  alloys  in  a  molten  condition  are  real  solutions,  but  on  cooling  tliuy 

F  often  giTe  entirely  disliact  and  definite  crystalline  componnds,  which  are  reajgnJMd  by 

I.  the  ptvpertiea  of  alloys ;  (S)  tliat  between  the  solvent  and  the  snbatuice  diiieolred  tliere 

ra  (OTiiiad,  in  a  number  of  cases,  many  nndonbtedly  definite  compounds,  such  as  com- 

rands  wiUi  water  of  crystalliiiation  ;  (4)  that  the  physical  properties  of  solationi,  and 

I '•■pMiaUy  their  specific  gravities  (a  [iroperty  which  is  very  accurately  observable),  vary 

r  with  a  change  iu  compoaitioo,  and  in  such  a  manner  an  the  formation  of  one  or  several 

I  4aflnlte  but   dissociating  conipoands  would   require.     Thns,   for  example,  on   adding 

rater  to  fuming  sulphuric  add  its  density  is  observed  to  decrease  until  it  attains  the 

[efinita  composition  H38O),  or  SOj-i-H-iO,  when  the  specific  gravity  increases,  although 

m  further  dUntiug  with  water  it  again  falls.    Fortlior  (Hendel^efl,  The  InvaUgalum  11/ 

Kjtjtiniut  SolutioHt  from  Iheir  Specific  Gravitiet,  1SB7).  the  inoreue  in  specific  gravity 

|.  (d*),  with  the  augmentation  (dp)  of  the  percentage  amount  of  a  substance  disaolved, 


U  well-ki 

■o  that  a  rectilinear  dependence  is  nbtained  (j 
FdiFflnite  compounds  which  must  be  acknowli 
Ji  lie  the  case  liom  the  diswciation 
f  Io"H,90i  +  B,0  (b..th  these  suhalancea  eiist 

n  ''*  -  0'07a9  -  0'0tl07*B/i  (where  p  i« 
"P 
r  slcohol  C,HbO,  whose  squeotm  solutions  have 
I  •thers,  three  definite  conipoundi 


outage  sniotint  of  the  substance  dissolved, 

e.,  '  *  -  A  *   Bp)  between   the  limits  of 

>lp 
dged  to  exist  in  solutions ;  this  would  be 
lypothesis.     So,  (or  instance,  from  H,90, 
a  definite  compounds  in  a  free  state),  the 
the  percentage  amount  of  H,SO,).     For 

been  mure  accurately  investigated  than  all 
lowledged  in  its  Holutions,  C^BgO  +  ISlLtO. 
CiHgO  +  SUiO,  and  SCsH^Ol-HjO. 

The  two  aspects  of  solution  above  mentioned,  and  the  hypotheses  which  have  ae  yet 
been  applied  to  tlie  examination  of  solutions,  althongb  they  have  partially  diftereut 
■lariing  points,  yet  will  doubtless  in  time  lead  to  a  general  theory  of  aolntioni,  bscaUK 
da  some  common  laws  gorem  both  physical  and  chemical  pbenomena,  inasmuch  aa  the 
pniyetUea  and  movements  of  molecnlea,  which  determine  physical  properties,  are  depend- 
ent on  the  movementa  and  properties  of  atoms,  which  determine  chemical  mutual  actions. 
For  details  of  the  questions  dealing  with  the  theories  ol  solution  recoune  must  now  be 
bad  to  special  memoirs  and  to  works  on  theoretical  (physical)  chemistry ;  for  this  subject 
fonns  one  of  special  interest  at  the  present  epoch  of  the  development  of  our  eciencc. 
In  working  out  chiefly  the  chemical  side  of  aolutioi 


the  ti 
■a  tlia  {diywEal  siile  i 


1  dilute  » 


;  this 


only,  whilst  the  chemical  side  deals 
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Jast  as  damp  air  may  be  added  to  any  quantity  of  dry  air  it  be 
desired,  so  also  a  solvent  liquid  may  be  taken  in  an  indefinitely  large 
quantity  and  yet  a  uniform  solution  will  be  obtained.  But  more  than 
a  definite  quantity  of  aqueous  vapour  cannot  be  introduceil  into  a 
certain  volume  of  air  at  a  certain  temperature.  The  excess  above  the 
point  of  saturation  will  remain  in  the  liquid  fonu.'*^  The  relation 
lietween  water  and  substances  dissolved  in  it  is  similar.  More  than  a 
definite  quantity  of  a  substance  cannot,  at  a  certain  temperature,  dis- 
solve in  a  given  quantity  of  water ;  the  excess  does  not  unite  with  the 
water.  Just  as  air  or  a  gas  becomes  saturated  with  vapour,  so  water 
becomes  saturated  with  a  sulistance  dissolve<l  in  it.     If  an  excess  of  a 

***  A  jaxtapo«ition  of  (chemically  or  physically)  reacting  substtiiices  taken  in  various 
9tate» — for  instance,  some  solid,  others  liqaid  or  gaseous — is  termed  a  heterogeneous  system. 
Up  to  now  it  is  only  systems  of  this  kind  which  can  be  subjected  to  detailed  examination 
in  the  sense  of  the  mechanical  theory  of  heat.  Solutions  present  liquid  homogeneous 
nyst^ms,  which  as  yet  are  subjected  to  investigation  with  difficulty. 

In  the  caae  of  limited  solution  of  liquids  in  liquids,  the  difcrence  between  the  solvent 
and  the  $ub»tance  dissolved  is  clearly  seen.  The  former  (that  is,  the  solvent)  may  be 
added  in  an  unlimited  quantity,  and  yet  the  solution  obtained  will  iilways  l>e  uniform, 
whilst  of  the  substance  dissolved  there  can  only  be  taken  a  definite  saturating  propor- 
tion. We  will  take  water  and  common  (sulphuric)  ether.  On  shaking  the  ether  with  the 
water  it  will  be  remarked  tliat  a  portion  of  it  dissolves  in  the  water,  forming  a  solution. 
If  the  ether  be  taken  in  such  a  quantity  that  it  saturates  the  water  and  a  portion  of  it 
remains  undissolved,  then  this  remaining  portion  will  act  as  a  solvent,  and  water  will 
diffuse  through  it  and  also  form  a  saturated  solution  of  water  in  the  ether  taken.  Thus 
two  saturated  solutions  will  be  obtained.  One  solution  will  contain  ether  dissolved  in 
water,  and  the  other  solution  will  contain  water  dissolved  in  ether.  These  two  solutions 
will  arrange  themselves  in  two  layers,  according  to  their  density  ;  the  ethereal  solution 
of  water  will  be  on  the  top,  as  the  lightest,  and  the  aqueous  solution  of  ether  at  the 
bottom,  as  the  heaviest.  If  the  upper  ethereal  solution  be  poured  off  from  the  aqueous 
solution,  any  quantity  of  ether  may  be  added  to  it;  this  shows  that  the  dissolving  sub- 
stance is  ether.  If  water  be  added  to  it,  it  is  no  longer  dissolvetl  in  it ;  this  shows  that 
water  saturates  the  ether — here  water  is  the  substance  dissolved.  If  we  act  in  the  same 
manner  with  the  lower  layer,  we  shall  find  that  water  is  the  solvent  and  ether  the  sub- 
stance dissolved.  By  taking  different  amounts  of  ether  and  water,  the  degree  of 
solubility  of  ether  in  water,  and  of  water  in  ether,  may  be  easily  determined.  Thus,  for 
example,  in  the  above  case  it  is  found  that  water  approximately  dissolves  ^^j^  of  its 
volume  of  ether,  and  ether  dissolves  a  very  small  quantity  of  water.  Let  us  imagine  that  the 
liquid  poured  in  dissolves  a  considerable  amount  of  water,  and  that  water  dissolves  a 
considerable  amount  of  the  liquid.  For  instance,  let  us  imagine  that  the  saturation  of 
100  parts  of  water  require  80  parts  of  the  liquid,  and  that  100  parts  of  the  liquid  would 
require  125  parts  of  water  for  its  saturation.  What  would  then  take  place  if  the  liquid 
be  poured  in  water  ?  Two  layers  could  not  be  formed,  because  the  saturated  solutions 
would  resemble  each  other,  and  therefore  they  would  intermix  in  all  proportions. 
Indeed,  in  the  saturated  aqueous  solution  there  would  be  0'8  parts  of  the  liquid  taken  to 
1  part  of  water,  and  in  the  solution  of  water  in  the  liquid  taken  there  would  be  on 
saturation  1  part  of  water  to  0-8  parts  of  the  liquid.  There  would  be  no  line  of  demarca- 
tion between  the  layers  of  the  liquids,  or,  in  other  words,  they  would  intermix  in  all 
proportions.  This  is,  consequently,  a  case  of  a  phenomena  where  two  li(}uids  present 
considerable  co-eflficients  of  solubility  in  each  other,  but  where  it  is  impossible  to  s^y  what 
these  co-efficients  are,  because  it  ifl  impossible  to  obtain  a  saturated  solution. 


ITS   COMPOr.NDS 
>ut)atani.'e  be  added  to  water  which  is  already  saturated  with  it,  it  will 


remain  iu  its  original  stut«,  imd 
I  quantity    of    a    aulwfcince 
(either    hy     vulume    with 
gases,   or  by   weight  with 
solids  and  liquids)  which  is 
Gapahle  of  eaturatini;    100 
f  parb)  of  water  is  called  the 
a-tf^fi»nl  of  to'/ihilil!/  or 
[- 41ie  «of u&(/i(y.  In  100  grams 
r  (d  water  at  W,  there  can 
I'-lie  dissolved  not  more  than 
f  85'86   grama    of 
I '  Bait.       Consequet 
kaolubility  at  I. 
L'to    35-8C.*' 


1  not  spread  through  the  water.   The 
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~  ^,on  which  an  iodia-rnb- 
irt».     A  wide  gluil  tDlw 
m  thia  ring,  nnd  is  pren- 
'ly  Uie  rinil  h  unl 
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important  to  turn  attention    to  the  e3Mitefu,-e   of  the   solid  iiMolvl 
mibstaiir.e»  of  nature,   because    on   them    depends   the  shape  of  1 

rovec  ;i,  wbicli  can  be  firmly  pre»»ed  down  on  to  the  widetnba,  ftiid  hennetiually  cIoMnit 
bjrroeansofuiiniliii-nibbBrriiig.  The  tobe  rriuin  be  rused  nt  will,  and  bo  bj  pouring  iner- 
carfinlo  the  Imtnel  the  heiiihl  o!  the  L-olnnui  of  merrary.whiahprndaoeg  preume  iniidti 
the  itppRntDH.  cui  be  increiBad.  The  presaure  cui  also  be  diminiBhed  tX  will,  by  letting 
mercar;  onl  thnmgh  the  cock  r.  A  grndaslcd  tube  e.  cootainuig  the  g»»  uid  liquid  tu  b« 
eiperimeoted  nn,  \a  plued  iuwde  the  n-ide  tube.  Thiit  tube  is  giiuluated  in  tnillinietreB 
tor  determiiiing  the  preaimre,  aoA  it  ix  calibrated  fnr  volumea,  so  lliab  tbu  iiauber  of 
volnmeB  nocupied  bj  the  gas  and  liquid  diuiotving  it  cau  be  eaiiilj  calculated.  This  tube 
can  al«i  be  eaail;  removed  From  the  opparatue.  To  the  right  at  the  figare,  the  lower 
portion  of  this  tube  when  removed  From  the  apparatna  i«  shown.  It  wiQ  be  ulmen'ed 
tlut  ita  knret  end  is  funiiahed  with  «  male  «ctB«  b.  fitting  in  a  uut  a.  The  lower 
aurfare  oF  the  nut  a  is  corered  with  india-rubber,  tn  that  on  screwing  up  the  tabe  its 
lower  end  presses  npon  the  india-rabbur,  and  thua  hermvlii-al!]-  clnsee  the  whole  tube,  for 
ita  upper  eml  is  fosed  up.  The  nut  a  ia  rnniisbed  with  arms  e  c.  and  in  tbe  stand  / 
there  are  correspouding  apaces,  so  that  when  the  aereved-up  internal  tnbe  ia  lixed  into 
atand/,  the  anus  f  c  fix  into  these  apacei  cnt  in /.  This  enabiea  the  internal  tube  to  be 
Siedmi  to  the  aland/.  Wlien  the  internal  tube  is  fixed  in  the  stand,  the  wide  tube  is  put 
into  ilH  right  insition,  and  mercurr  and  water  are  poured  into  the  apaoe  between  the  two 
tabea,  and  communication  is  opened  between  the  inside  of  the  tube'  and  the  mercury 
between  the  interior  and  erterioT  tubes.  This  is  done  by  either  revolving  the  interioc 
tabs  F,  or  bjr  a  key  turning  the  nut  aboat  the  bottom  part  of/.  The  tube  e  is  filled  with 
gas  and  water  as  follows  ;  the  tube  is  remm'ed  from  the  apparatus,  filled  with  mercury, 
and  tbu  gsa  to  be  eiperiment«d  on  ia  panaed  into  it.  TheTolnmeat  thegaa  is  measured, 
the  temperature  and  preaaure  determined,  and  the  volume  it  would  ocenpy  at  0°  and 
TAO  mm.  calcnhited.  A  known  volume  of  water  is  then  introduced  into  the  lube.  Tlie 
water  mnst  be  previooily  boiled,  ho  as  to  be  quite  freed  from  air  in  soliition.  The  tube  is 
then  closed  by  screwing  it  down  on  to  the  india-rubber  on  the  nut.  It  is  then  fired  on  to 
the  itaud/i  mercury  and  water  are  ponred  into  the  intervening  space  lietween  it  and  the 
eiteriot  tnbe.  whith  is  then  screwed  up  and  ckmed  by  tlie  caver  ji,  and  the  whole 
appacBtas  is  left  at  rest  tor  some  time,  so  that  the  lube?,  and  the  gas  in  it,  may  attain  the 
same  temperature  aa  that  of  the  surcoanding  water,  which  ia  marked  by  a  thermometer 
it  lied  to  the  tube  e.  The  interior  tube  is  then  again  closed  by  revolving  it  in  the  nut, 
the  cover  ;i  again  shut,  and  the  whole  apparatus  is  shaken  in  order  that  the  gan  in  the 
tube  e  may  entirely  satorate  the  water.  After  several  shakings,  the  tube  e  is  again 
opened  by  revolving  it  in  the  nnt,and  the  apparatas  is  loft  at  rest  for  ■  certain  time;  it  a 
then  closed  and  again  shaken,  and  so  on  until  the  volomo  of  gas  does  not  diminish  after 
a  fresh  shaking— that  ia,  until  saturation  ensuea.  Observations  are  then  made  of  the 
temperature,  the  height  of  the  mercury  in  the  interior  tube,  and  the  level  of  tbe  water  in' 
it,  and  also  of  the  level  o(  the  mercury  and  water  in  the  exterior  tube.  All  theae  data 
are  necessary  in  order  to  calculate  the  preasnre  under  which  tbe  solntion  of  the  gas  takes 
place,  and  what  voltune  of  gaa  remains  undissolved,  and  also  the  quantity  of  water  which 
serves  as  the  aolvent.  By  varying  the  temperature  of  the  surrounding  water,  the  amount 
ol  gas  dissolved  at  various  temperatures  may  be  detennined.  Bunsen,  Carias,  and 
many  others  determined  the  solution  ol  various  gasea  in  water,  alcohol,  and  certain 
other  liquids,  by  means  of  this  apparatus.  U  in  a  determination  of  thia  kind  it  is  totmd 
that  n  cubic  centimetres  of  water  at  a  pressure  h  dissolve  m  cubic  centimetres  at  a 
given  gaa,  measured  at  0"^  and  760  mm.,  when  the  toiuiwrature  nnd.-r  which  solution 
look  place  WBB  t°  and  pressure  h  mm.,  then  it  follows  that  nl  tlie  temperature  t  the 
ea-fgieienlofKlubitily  of  thf  gat  in  1  volume  of  the  liquid  will  be  equal  to '?  x  "^" 

Thia  tormola  is  very  clearly  understood  from  the  fact  that  tbe  co-efficient  of  soluhility 
of  gases  is  that  quantity  measured  at  VP  and  760  mm.,  which  is  absorbed  at  a  pressure- 
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I  nbstance  of  the  earth's  surface,  and  nf  plants  and  animals,  There 
much  water  on  the  earth's  surface,  that  were  the  surfat-e  of  sub- 
I  Atauces  formed  of  solulile  matters  it  would  constantly  change,  and 
[  however  substantial  their  ftn-ins  niight  be,  mountains,  river  iwnks  anil 

la  shores,  plants  and  animals,  or  the  habitations  anil  coverings  of  men, 

)uld  not  exist  for  any  length  of  time." 


™.br 


one  volome  of  a  liqnid.     It  n  imbic  centimetrea  of  w&tor  abaorb  hi  cubic 
»  gus,  then  ODB  cubic  centimetre  obsorbs  —  .    If  —  o.c.  of  a  ga*  are  ab- 


I 


una  of  aavaral  HubatuiceH  saturatiiig  100  gran 
ilubjiity  by  weipbt  at  three  different  temperatnn 
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00                    30 
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O             0 

Oaan     !  Cubonic  uibritride,  CO*  . 
1  Ammonia,  NB, 

,  Phenol.  C  Ji,0  .... 
liquid.   Ainyl.l«.hoJ.C.,H„0       .        . 

'  Balphoric  at-ii.  H,BO, 
fOypHuli.  CaSOj.aHiO     . 
Alniu.  AIK8jO,,iaH.O    . 
S«lid>    -,  AnhjdronK  «>dinm  aulnlilte.  Xa^SO 

SometirosH  n  sabatuice  is  bo  alightlj-  solnbU  Uii 
Xanjrmch  Hnbsbuiceii  are  loetwitli  botii  in  iwlidn  n 
mltbongh  it  d<WH  clinsolve,  doe»  no  in  ho  umeU  u  f 
«m*ider#<]  oa  tern  did  not  the  solnbility  of  even  eo 
a  the  rcBpi  ration 


it  may  be  eonaidered  i»  inBolable. 
liquids,  and  ancli  a  gas  asaiyK^, 
nrtion  b;  veight  that  it  might  lie 
^Ue  aiygen  play  an  important  part 
I  inflnileeimal  qnuitity  of  a 


by  weiKbl  an  easily  measured  by  volnme.  The  aign  «;,  whicli  atonda  on  a  line  vith  anl- 
phorie  arid  In  the  abore  table,  iiidicatea  that  it  intenniiea  with  aaler  in  all  proportion*. 
Thece  are  many  snch  cases  among  liqnida,  and  everybody  known,  for  inalanoe,  that  apirit 
^abwilute  alroholl  can  be  niiied  in  any  proi>ortiou  with  water.  Common  com  apirit 
ItndkyI  ii  a  miiture  at  ubout  fifty  parta  by  vteigbl  ol  [lure  apirit  to  100  parts  by  weight 
of  water. 

"  Jnot  aa  the  eiistenee  niuxt  W  odinilted  ol  aubatancea  which  are  completely  on. 
itevonipmable  (chemically)  at  thr  ordinary  temperatore — for  there  are  anbatancea  which 
ate  entinly  non.vniatile  at  sooh  a  lempemtore  (a«  wood  and  gold),  although  capable  of 
dsDompncing  (wood)  or  Tolatiliaing  [gold)  at  a  higher  teiDpetatarC'  ao  al*o  the  eiittencc 
muit  bw  admitted  ot  nibataiicaa  whicli  are  totally  inaolnble  in  water  nitboul  aome  degree 
nf  cbaage  in  their  etate.  Although  mercury  is  partially  volatfle  at  the  ordinary  tem- 
pmiture. there  iano  reaaon  to  think  that  it  and  othermetala  ore  ooluble  In  water, alcohol, 
rir  other  aimilar  liqnida.  However,  mercury  forms  aolutions.  *B  it  diaaolvea  other  metals. 
On  the  other  hand,  there  are  many  aubataucea  found  in  nature  which  are  ao  very 
slightly  tolnble  in  water,  that  in  ordinary  practice  tliey  mny  be  conaidered  a«  ineoluble 
<  for  example,  barium  aulphale).  For  the  comprehenaion  nt  that  general  plan  according  In 
which  a  change  of  atate  of  auhataneea  (combined  or  disaolved,  aolid,  liquid,  or  gaaeoaa) 
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HulmtiiiicHH  wbifh  are  easily  soluble  in  water  bear  a  certain  resem- 
bl»4iM»ti  to  it.  ThuH  sugar  and  salt  in  many  of  their  superficial  features 
I'liiiiinil  Olio  of  ice.  Metals,  which  are  not  soluble  in  water,  have  no 
jioiiitM  ill  common  with  it,  whilst  on  the  other  hand  they  dissolve  each 
ili\^i^r  ill  a  molten  state,  forming  alloys,  just  as  oily  substances  dissolve 
tiHi'U  iitlmr  ;  for  example,  tallow  is  soluble  in  petroleum  and  in  olive  oil, 
ttl  though  they  are  all  insoluble  in  water.  From  this  it  is  evident  that 
thtt  unaiof/i/  of  Mubstaiicea  fiynning  a  solution  plays  an  important  part, 
and  art  aqueous  and  all  other  solutions  are  liquids,  there  is  good  reason  to 
b«iliiive  that  in  the  process  of  solution  solid  and  gaseous  substances 
(ihatige  in  a  physical  sense,  passing  into  a  liquid  state.  These  con- 
fiidiirations  elucidate  many  points  of  solution — as,  for  instance,  the  vari- 
ation of  the  co-efficient  of  solubility  with  the  temperature  and  the  evo- 
lution or  absorption  of  heat  in  the  foi*mation  of  solutions. 

The  solubility — that  is,  the  quantity  of  a  substance  necessary  for 
Maturation — varies  with  the  temperature,  and,  further,  with  an  increase 
in  temperature  the  solubility  of  solid  substances  generally  increases,  and 
that  of  gases  decreases ;  this  might  be  expected,  as  solid  substances  by 
heating,  and  gases  by  cooling,  approach  to  a  liquid  or  dissolved  state.  ^^ 
A  graphic  method  is  often  employed  to  express  the  variation  of  solu- 
bility with  temperature.  On  the  axes  of  abscissae  or  on  a  horizontal 
line,  temperatures  are  marked  out  and  perpendiculars  are  raised  corre- 
sponding with  each  temperature,  whose  length  is  determined  by  the 
solubility  of  the  salt  at  that  temperature — expressing,  for  instance,  one 
part  by  weight  of  a  salt  in  100  parts  of  water  by  one  unit  of  length, 
such  as  a  millimetre.  By  joining  the  summits  of  the  perpendiculars, 
a  curve  is  obtained  which  expresses  the  degree  of  solubility  at  different 
temperatures.  For  solids,  the  curve  is  generally  an  ascending  one^^i.e., 
recedes  from  the  horizontal  line  with  the  rise  in  temperature.  These 
curves  clearly  show  by  their  inclination  the  degree  of  rapidity  of  increase 
in  solubility  with  the  temperature.     Having  determined  several  points 

takes  place,  it  is  very  important  to  make  a  distinction  at  this  boundary  line  (on  approach- 
ing zero  of  decomposition,  volatility,  or  solubility)  between  an  insignificant  amount  and 
zero,  but  the  present  methods  of  research  and  the  data  at  our  disposal  at  the  present 
time  do  not  yet  touch  such  questions.  It  must  be  remarked,  besides,  that  water  in  & 
number  of  cases  does  not  dissolve  a  substance  as  such,  but  acts  on  it  chemically  and  forms 
a  soluble  substance.  Thus  glass  and  many  rocks,  especially  if  taken  as  powder,  are 
chemically  changed  by  water,  but  are  not  directly  soluble  in  it. 

^  Beilby  (1888)  experimented  on  paraffin,  and  found  that  one  cubic  decimetre  of  solid 
paraffin  at  21°  weighed  874  grams,  and  when  liquid,  at  its  melting-point  88°,  788  grams,  at 
49°,  775  grams,  and  at  60°,  767  grams,  from  which  the  weight  of  a  litre  of  liquefied  paraffin 
would  be  795*4  grams  at  21°  if  it  could  remain  liquid  at  that  temperature.  By  dissolving 
solid  paraffin  in  lubricating  oil  at  21°  Beilby  found  that  7956  grams  occupy  one  cubic 
decimetre,  from  which  he  concluded  that  the  solution  contained  liquefied  paraffin. 
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—that  is,  having  made  a  deteruiiuatioii  of  the  solubility  for 
several  temperatures —the  solubility  at  iiiteniiwliary  temperfttures  may 
be  determined  from  the  sinuosity  and  form  of  tJie  curi-e  so  formed  ;  in 
this  way  iheempirical  law  of  aolultility  iiiuy  be  followed.'*  The  results  uf 
research  have  r^hown  that  the  solubility  of  certoiu  salts — iiit,  for  example, 
a  table,  salt — ^varies  comparatively  little  with  the  tempRrature  ; 
whilst  for  other  substances  the  solubility  increases  by  etjual  amounts  for 
e<)aal  increments  of  temperature.  So,  for  example,  for  the  saturation  of 

**  OiLf-Las»u  wiks  the  Eral  to  havB  recaurite  to  >uuli  n  ((rapUic  method  of  eiipreasiiis 
■ohlbility.  Mid  be  cooudered,  in  Kuvord&nve  with  the  j^enetaJ  apiniau,  thkC  b;  jirinitig  up 
UiB  MUnmili  vS  CUe  ordui&leB  in  tmti  bunnuniDas  curve  it  in  pouible  to  a>pr«tiB  the  entire 
ehaiige  of  sululiiht;  with  th«  teini>enktare.  Hinc,  tixan  t,Te  ■uui)'  reiHons  tor  dcobtiag 
the  aMniuf  of  uuch  wi  ftdmisBion,  f»c  there  uDil>inl)ted)y  nre  crilicul  points  in  carre«  of 
•olntnlity  Itor  eiMiuple,  ol  gudiam  talphnte,  ■«  nlmnn  further  on),  uid  it  tiia;  l>e  thai 
dattoile  compouuiU  uf  diiuuilx-ed  nalfitiinuKii  witli  wuber.  in  deMunpuBing  withiii  known 
limita  ut  lempentlure.  give  critical  points  rnore  often  Uiui  tvoulil  be  imai^ned ;  il  mty 
ren  be,  indeed,  Ihal  iimteitd  of  a  conlinnous  cnrve,  Holubility  xliould  be  eipreBned— il 
ol  fttvayt,  than  not  unfreqnenlly— by  ntniiijhl  or  broheB  linea.  Aucordiug  to  Di««,  the 
1   Nlokrility  of  •odiiini  nitrute.  I^aKO^,  is  eiprenned  by  the  fotlowind  Hgurea  per  lOD  puta  of 
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I  .Accwding  te  my  opinion  (Iemi;,  thene  d«t«  ihould  be  eipremied  with  einstitnde  by  k 
igbX  line,  aT*S  f  0*STr.  which  entirety  ugreeii  with  the  reRaltB  of  experiment.    Aecoti- 
I  Ing  lo  Ibii  Cbn  BgVTv  npletaag  the  aolubihty  of  the  aalt  M  U"  exactly  coincides  with 
[•tttt  compofition  of  a  definite   chemical  coniponnd— Na!<0],Ttl,0.     The  experiment* 
~»  by  Ditle  allowed  Uiat  all  Hatarated  Holationa  between  0°  and-lGT"  bare  nicta  a 
P   Mmpoaition,  and  tlut  at  the  latter  temperatoFe  the  aolution  completely  aolidiGeg  into  one 
ogeneoui  whole.     Ditte  showa,  in  Uie  finil  place,  that  the  solnbility  of  eodinm  nitrate 
1  is  eipreawd   by  a  broken  itruight  line,  and,  in  the  uei^ond  place,  oonfirma  the  idea. 
'    ih  I  had  alrsady  truced,  that  in  koIdEious  wh  liaye  definite  chemical  componadB  iu  a 
I  sklMxildiawwiation.     In  nvent  LiuieB  (tHHMf  Btard  diHcovered  a  similar  phenomenon  In 
I  nway  ol  the  eolphHlea.     Binndea,  in  1S30,  nhowB  a  diminatinn  in  wlnbility  below  100" 
naoganeaeenlpliHts.     The  percentage  by  weight  (i.e.,  per  lOOpartBolthesolutioniand 
[  BM  Ot  water)  of  satumtion  for  ferroUB  sulphale.  FeSO^,  froin-tf'  to  +  flB"  -  IB'S +0-B7<Me— 
I  that  It,  the  Holubility  of  tb«  aalt  increuen.     The  aolubility  remiuns  conatant  from  (U°  to 
I  UP  (according  to  Brandea  the   aolubility  then    incnHaea;   tliia  difergence  of  opinion 
t  (eqiUTea  proof),  and  from  SS'^  to  150°  il  falls  as   ^  1U4'SE  -  OSeSSl,     Hence,  at  about 
+  IHf  the  solubility  abould  ''0,and  thia  hoe  been  couSruied  by  eiparimenl.     I  irfffierre, 
Ml  my  «de,  that  gtacd'a  formula  givea  BHl  p.c.of  salt  at  SI>°  and  Wt-Hp.o.  &t  l)a°,and  this 
maiimnm  amount  of  nalt  in  the  solution  very  nearly  correspoDda  wilb  the  compoaition 
I  FaSO„14H^,  which  requiren  ST'fl  p.c.    Thaa,  in  this  oaao,  aa  in  that  of  aodinm  nitrate. 
I  Ibe  brmaUon  ot  ■  definite  aolDtiOD  may  be  preauppoaed.     From  what  baa  been  uid,  it  ia 
nidBnt  that  the  data  cnncemiDg  solubility  require  a  new  method  of  inveatigation,  which, 
n  the  flnt  plac«,  aliould  have  in  view  the  entire  scale  of  aolubility— from  the  formation 
rf  completely  solidified  solatioua  (cryohydrates,  which  we  ahall  apeak  of  presently)  to  the 
ivparatuin  of  salts  from  tbeir  eolntions,  il  this  is  accomplished  at  a  higher  tempiu«tnrs 
In  mauganese  and  cadmium  Bolpbates  tberv  is  an  entire  separation,  according  toEtaid), 
ir  to  tbe  (ormation  of  a  constant  lolubility  (for  potassium  salphate  the  aolnbitity,  aocord- 
I  faig  to  £tanl,  remains  couatant  from  168=°  to  33U°  and  equaU  a<-9  p.c) ;  and,  in  the  seconr] 
I  place,  should  eudeuvout  te  aiiply  the  conception  ot  definite  compounda  existing  in  sola- 
is  to  constant  and  critical  aolutiona,  coireapouding  with  a  maximum  of  solubihty  or 
ta  limits.     Prom  these  aapecta  solution  sliould  present  n  new  and  particnlar  interest. 


Ti 
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100  purts  of  wiiter  by  potassium  chloride  there  is  required  at  0°,  29'3 
parts,  at  20°,  Ml,  at  40°,  40-2,  at  60°,  45-7  ;  and  so  ou,  fur  every  10° 
the  solubility  increases  by  2'75  parts  by  weight  of  the  salt.  Therefore 
the  solubility  of  pobvssiuin  chloride  iu  water  may  be  expressed  by  a 
direct  equation  ;  o5=29'2+0'275(,  where  a  represents  the  solubility  at  i". 
For  other  salts,  more  complicated  equations  are  retjuired.  For  example, 
for  nitre:  a=13'3+0-574(+0'01717("-t-0-0000036(»,  wliich  shows 
that  when  (  =  0°  a=13-3,  when  (=10°  a= 208,  and  when  (  =  100° 
a=24.6-0. 

Curves  of  solubility  give  the  means  of  judging  with  accuracy  the 
amount  of  a  na/t  separated  by  the  cooling  to  a  known  extent  of  a 
solution  saturated  at  a  given  t«uipeniture.  For  instance,  if  200  parts 
of  a  solution  of  potAssiuin  chkiride  in  water  saturated  at  a  temperature 
of  60°  be  taken,  and  it  be  asked  how  much  of  the  salt  will  bejieparated 
by  cooling  the  solution  to  0°,  if  its  solubility  at  60°^45-7  and  at 
0''=29-2  ?  The  answer  is  obtained  in  the  following  manner  :  At  00°  a 
saturated  solution  contains  45-7  parts  of  pofeissium  chloride  per  100 
parts  by  weight  of  water,  consequently  145-7  parts  by  weight  of  the 
solution  contains  457  parts,  or,  by  proportion,  200  parts  by  weight  of 
the  solution  contains  fi2-7  parts  of  the  salt.  The  amount  of  salt 
remaining  in  solution  at  0°  is  calculated  as  follows  ;  In  200  grams 
taken  there  will  be  1 3~-3  grams  of  water  ;  consequently,  this  amount  of 
water  is  capable  of  holding  only  40-1  grams  of  the  salt,  and  therefore 
in  lowering  the  temperature  ttvm  60°  to  0°  there  should  separate  from 
the  solution  62'7  — 40'!^22-6  grams  of  the  dissolved  salt. 

The  difi'erence  in  the  solubility  of  salts,  &.C.,  with  a  rise  or  fall  of 
temperature  is  often  taken  advantage  of,  especially  iu  technical 
work,  for  the  separation  of  salts  in  intermixture  from  each  other. 
Thus  a  mixture  of  potassium  and  sodium  chlorides  (this  mixture  is  met 
with  in  nature  at  IStassfurt)  is  separated  from  a  satni-ated  solution  by 
subjecting  it  alternately  to  boiling  (evaporation)  and  cooling.  The 
sodium  chloride  separates  out  in  proportion  to  the  amount  of  water 
expelled  from  the  solution  by  boiling,  and  is  remove*!,  whilst  the 
potassium  chloride  separates  out  on  cooling,  as  the  solubility  of  this 
salt  rapidly  decreases  with  a  lowering  in  temperature.  Nitre,  sugar,  and 
many   other    soluble    substances  are  purified    (refined)   in   a   similar 


Although  in  the  majority  of  cases  the  solubility  of  solids  ; 
with  the  temperature,  yet  just  as  there  are  substances  whose  volume 
diniinishes  with  a  rise  in  temperature  (for  example,  wnter  from  0°  to 
4°),  so  there  are  not  a  few  solid  substances  whose  solubilities  fall  on 
heating.    Glauber's  salt,  or  sodium  sulphate,  historically  forms  a  particu- 
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K  Wly  instructive  example  of  the  (.'use  in  <]ueslion.     If  tliia  suit  Ite  taken 

I  Ignited  state  (deprj^-ed  of  its  water  of  crystallisation),  then  its 

I  solubility  in    100  parts)  of  water  varies  with  the  temperature  in  the 

I   following  uanner  :  at  0°,  5  pnrts  of  the  salt  form  a  saturated  solution  ; 

I  Bt  20',  20  parts  of  the  Bait,  at  33"  more  than  50  parts.     As  will  be 

seen,  the  solubility  increases  with    the    teniperature,   as    is   the  case 

with  nearly  all  salts  ;  but  starting  fi'oin  33°  it  suddenly  dirainiBhes, 

rand  at  a  temperature  of  40",  there  dissolves  less  than  50  parts  of 

Itiie  salt,  at  60°  only  -15    parts   of  the    salt,    and   at  100°   about  43 

I  parts  of  the  salt  in  100  parts   of  water.     This  phenomenon  may  be 

I  traced  to  the  following  facts  :   Firstly,  that   this  salt  forms  various 

I  conipouadE   with  water,    as  will  be   afterwards  explained  ;  secondly, 

f  that  at  33°    the  compound   Na^yO, +  10H^O  formed  fi-om  the  Bolu- 

I'tion  at  lower  temperiitui-es,  melts;  and  thirdly,  that  on  evaporation 

a.  temperature  above    33°  there  separates  out  an  anhydrous  salt. 

|Na,SO,.     It  will  be  seen  from  this  example  how  complicated  such  a 

■«eemiiig1y  simple  phenomenon  as  solution  really  is  ;  and  all  data  con- 

■  ceming  solutions  lead  to  the  same  conclusion.    This  complexity  becomes 

R-evident  in  investigating  the  /vat  vf  nolulvm.       If  siitutiou  consisted  of 

1ft  physical  change  only,  then  in  the  solution  of  gaaes  there  would  be 

Ferolved— and  in  the  solution  of  solids,  there  would  be  absorbed — so 

much  heat  as  answers  to  tlie  change  of  state  ;  bat  in  reality  a  large 

amount  of  heat  is  always  evolved  in  solution,  depending  on   the  fact 

that  in  the  process  of  solution  there  is  acconiplished  an  act  of  chemical 

combination,  accompanied  by  an  evolution  of  heat.     Seventeen  grams  of 

ammonia  (this  weight  correspomls  with  its  formula  NHj),  in  passing 

from  a  gaseous  into  a  lic|uid  state,  evolve  4,400  units  of  heat  (latent 

I  heat)  ;  that  is,  the  quantity  of  heat  neceasary  to  raise  the  temperature 

d  4,400  grams  of  water  1°.     The  same  quantity  of  ammonia,  in  di.ssotv- 

1  an  excess  of  water,  evolves  twice  as  much  heat — numuly  S,800 

—showing  that  the  combination  with  water  is  accompanied  by  the 

ivolution  of  4,400  units  of  heat.      Further,  the  chief  part  of  thia  heat 

■  separated  in  dissolving  in  small  quantities  of  water,  so  that  17  grams 

lia,  in  disKolving  in  18  grams  of  water  (this  weight  corre- 

;mnds  with  its  composition  U,jO),  evolve  7,535  units  of  heat,  and  there- 

s  the  fonnation  of  the  solution  NHj  +  HjO  evolves  3,135  units 

I'beat  beyond  that  due  tit  the  change  of  state.      As  in  the  solution 

I,  the  heat  of  liquefaction  (of  physical  change  of  state)  and  of  chemi- 
1  oombination  with  water  are  both  [Kisitive  (  +  ),  therefore  in  the 
button  of  gagrg  in  water  a  heat  'ffect  is  alwiiys  observetl.  This  phenO' 
Denon  is  different  in  the  solution  of  solid  substances,  because  their 
sage  from  a  solid  to  a  liquid  state  is  accompiLnied  by  an  absorption 
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of  hp^t  (negative, —heat),  whilst  their  chpuiical  combiimtion  with  water 
IB  ftccompaiiied  by  an  evolution  of  heat  (  +  heat)  ;  consequently,  their 
sum  may  either  be  a  coiiliiig  effect,  when  the  positive  (chemical)  portion 
of  heat  18  less  than  the  negative  (physical),  or  it  may  be,  on  the 
contrary,  a  heating  effect.  This  is  actually  the  case.  124  grams  of 
sodium  thiosulphate  (employed  in  photography)  NajS^Oj-SH^O  in 
melting  (at  48°)  absorbs  9,700  units  of  heat,  but  in  dissolving  in  a  large 
quantity  of  water  at  the  ordinary  temperature  it  absorbs  5,700  units  of 
heat,  which  allows  the  evolution  of  heat  (about  +  4,000  units),  not- 
withstanding the  cooling  eHect  observed  in  the  process  of  solution,  in 
the  act  of  the  chemical  combination  of  the  salt  with  water.'"'     But  in 


"  Tbu  laUiiit  heat  of  fuHou  in  determined  at  the  ttnnpentnre  ol  (oBJon,  vhilst  sulatian 
lakes  plncc  iLt  the  ordinuy  temperatDre,  nod  one  moat  think  that  at  this  tempentim 
Itie  hit(-rit  bent  would  be  different,  jiwt  om  the  latent  heat  ot  evaporation  rariea  vritli  the 
CuuipenitnFe  luee  note  li,  p.  M).  Beudes  wliiuh,  in  aulution  there  occara  a  diannion  (dia- 
istegiatianl  o(  the  particles  of  both  the  aolient  and  the  Bnlietaiice  diaeolved,  which  in  ita 

heat.  The  heat  emitted  during  the  aolDtion  □[  a  solid  taani  be  tbererore  conaidered 
(Penonnel  oa  coinpoaed  of  three  factara— (1)  positive,  the  e«wt  ot  combination:  (>) 
negative,  the  effect  of  trauaference  into  a  liquid  atate ;  and  (S)  negative,  the  elleet  of  di>- 
integration.  In  the  aolatioii  of  a  hijoid  bj  a  liquid  the  second  (actor  ta  removed ;  and 
therefore  if  the  heat  evolved  in  combination  is  greateE  than  that  abaorhed  In  diaiulegnu 
tioD  a  heating  effect  ia  obaerved,  and  in  the  reverse  case  a  cooling  effect ;  and,  indeed, 
ealphuric  Mid,  alvohul,  uid  mauyliquida  evolve  heatiudiBaolviiig  in  each  other.  Battiie 
eolation  of  chloroform  iu  csibou  bisulphide  (Buaajr  anil  Binget),  or  ot  phenol  (oi  aniline) 
in  water  (Aiexeeff),  produces  cold.  In  thx  aolutiou  <>(  a  amall  quantity  of  watw  in  aoetio 
acid  (AbaaheSI.  ot  hydnicyiuiia  acid  (Bdsb^  and  Binget),  ur  amyl  eJoohol  (Alei^eff),  cold 
is  produced,  a-hilxt  iu  the  aulutian  of  these  aubstAucea  iu  an  oioesd  of  water  heat  ia 
erolved. 

The  fulli-Kt  inrormiktiun  uouceming  the  boIuUoii  of  liquids  iu  liquids  haa  been 
gathered  by  W.  T.  Aleii^efl  (Itwa-lSHSj,  atill  theae  data  are  (ar  from  beiug  sufficient  to 
resolve  the  mans  of  pnibleins  respecCiug  this  subject.  He  showed  that  two  liquids  which 
dissolve  iu  oach  other,  iiiteruiix  together  in  all  pro[>ortions  at  ■  certain  teniperatore. 
Thus  the  Bolabilily  ot  phenol,  CoHgO.  in  water,  and  the  converse,  ia  limited  np  to 
70°,  whilst  flbovc  this  temperature  they  intennix  in  all  proportions.  This  is  seen 
from  the  following  flgniea,  where  p  is  the  percentage  amount  of  phenol  and  I  the 
lamperatuTe  at  which  the  solution  becomes  cloudy — that  is,  that  at  which  it  is  satu- 
rated:~ 

y-7-ia      iirao      U'bi      as'is      as'Sfi      saw      who      oms      ti-b? 

t-l"  4fl°  flD=  07'  U7°  67^  B5°  BS"  20° 

It  ia  exactly  the  eame  in  the  luluCion  n!  benieiie,  aniline,  and  other  substances  in 
molten  anlphur,  Alexeeff  discovered  a  similar  complete  intermixtnn!  for  solutions  of 
aeoondnxy  butyl  alcohol  in  water  at  about  107'' ;  at  lower  temperatures  the  aolubihty  is 
not  only  hniited,  but  between  SO"  and  TU°  it  is  at  ita  minimum,  both  for  solutions  of  the 
alcohol  in  water  and  for  water  in  the  alcohol :  and  at  a  temperature  of  G°  both  solutions 
exhibit  a  freah  change  in  their  scale  of  solubility,  so  that  a  solution  of  the  alcohol  iu 
water  which  is  oalurated  between  S^  and  40°  will  become  cloudy  wben  heated  to  flO°. 
In  the  solotiou  of  liqnida  in  liquids,  A1exi5eS  observed  a  loworiug  in  temperature  (an 
absorption  of  heat)  and  an  absence  of  change  in  specillc  heat  (calculated  for  the  mi>lnre) 
much  more  treqaently  tiinn  h»d  been  done  by  previona  observers.    As  regards  hla  nfHc- 


ON   WATER   ASD    ITS   rilMmrNtls 


75 


most  cases  solid  sulistances  in  cliGsolviug  iu  water  evolve  lieat,  itolwith- 
staading  the  jmssuge  into  a  liquid  stiite,  which  indicates  so  considernUe 
an  evolution  of  (  + )  heat  in  the  net  of  ouuihitiation  with  water  that  it   j 
exceeds  the  absorption  of  (  —  }  heat  dependent  on  the  passage  into  a    | 
liquid  state.      Thus,  fur  instance,  calc'iuni  chloride,  CaCt,,  niagnestum 
suiphat«,  MgSO,,  and  many  other  salts  in  dissolving  evolve  heat  ;  for 
example,  60  gmms  of  magnesium  sulphate  evolves  about  10,000  units 
of  heat.     Therefore,  in  the  snluliim  of  noliii  bmiku  there  is  proiluee 
either  a  cooling  ^*  or  a  heating  *'  effect,  according  to  the  differeuce  at   I 
the  reacting  affinities.     When  tliey  are  considerable — that  ia,  when 
water  is  with  difficulty  separated  from  the  resultant  aulution,  and  only 
with  a  rise  of    temperature  (such    substances    absorb    water) — then 
much  heat  is  evolved  in  the  process  of  solution,  just  as   in    many 
reactioQE  of  direct  combination,  and  therefore  a  considerable  heating  of 
[tlutiou  Ls  observed.      Of  such  a  kind,  for  instance,  is  the  solution 


nieuliiuucal  mid  \u 


al  re|jrVBtinliitiiHi  ol  aolntiiiui)  thai    | 
]%\caX  Btatea  (uit  gudes,  tiquida,  oc  aolidaj,  i 

y  dDabtfnl.  tnr  it  wiuld  imcaBiiitaM  Hdiuittiu);  Uie  prenente  uf  ice  in  water  or 
vnpoar.     His  thimrj  Htuia  from  on  unnupiiortoiJ  hypotliesih— wliinli  ia,  howeTor,  lield  bj     j 

— IhU  Van  Ilium  (wBi)(lil«)  ot  tlie  moletulen  ut  luie  and  tliu  same  BalntHice  Are  lef, 
diAfTcnl  in  diflfrent  phjnioil  atatea.  AC  pri-seul  tbe  vreiglit  ol  g&Huna  moieoalea  i: 
determined  ftoni  the  fcevxiiig  ut  solutions  ^sce  Ister),  niii)  tlioredire  it  musl  eitbnr  b 
kdmitMd  that  aolutiana  cuutsiu  {(sseous  molecnleEi  or  elsv  tlial  tbu  weiEbb  uf  liqnii 
molevnles  is  the  aaiuB  u  ibat  ol  gaseous  moleculeit.  which  is  (or  aimplec  uiil  luore 
pTobftble. 

From  what  Tlba  beau  noid  ubove.  it  will  be  clear  tlut  even  in  a»  very  simple  a  cust 
ululiun,  it  is  unposaible  bo  calculaW  Che  beat  emitted  b;  ehemiuU  action  alone,  and  that 
the  ulieiuical  process  eanuot  be  sepaialed  from  the  phjiioal  and  mecluuiioicL 

"  The  coAling  eOect  priMlnced  in  the  solution  of  solids  (and  also  in  the  expanaiot 
gaaes  and  in  oTsporationl  ia  applied  to  the  priHluetion  •</  k-y  tmnytratumt.  Aim 
niaiii  nitrate  is  verj  often  nsed  for  Ihia  puipnae ;  in  diimolTinK  in  water  it  abaorbi 
ozutaofheat  per  eauh  piirC  by  weight-  On  evapora^ug  the  solution  thoa  (ormed.  the 
•did  lalt  is  rv-obtainecL  The  applioaCion  of  the  various /rssnnjr  mixttcnt  ia  based 
Um  Mme  principle.  «oow  or  brakeu  ice  frequently  enters  into  the  compnaition  of  tbeaa 
ntighirn,  advantage  being  taken  of  its  latent  heat  of  fusion  ia  order  to  abtain  the 
lowMt  poaaible  temperature  (without  altering  the  presanre  or  employing  best,  as  in  at 
Bwtlioda  ot  obtaining  a  low  temperatnrej.  For  laboratory  work  recmiree  ia  mnsb  often 
had  to  a  miitnre  ut  three  parts  ot  >nuw  and  one  part  of  oomiuon  aalt.  which  causeH 
tampeiatun  to  tall  from  0"  to  ~  iVC.  Potasaiuui  thiucyniiate,  KCNS.mixed  withwi 
(I  b;  waigbt  ot  llie  salt)  givea  a  still  lower  tempersture,  Bymiiing  ten  porta  ot  crystal- 
line  calciom  rhloride,  CbC1j,I1HiO.  with  seven  parts  nt  water,  the  lonitieralnre  may  e 


•oda  INaHO).  in  dissolving  or  on 
so  much  beat  tliat  it  can  replace  fi 

boiling  piHnt.  another  bailor 
is  made  to  pass  throngh  t1 

long  iieriod  of  lime  witho 

street  boilers. 
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of  sulphuric  acid  (oil  of  vitrol  HjSO,),  ond  of  ciustic  soda.  (NaHOU 


Solatioii  exhib 
expelled  froin  a  si 
But  it  must  be  bo 
siilutiou  is  not  at 
water  liaa  differen 


a  reverse  renL-tion  ;  tliiit  if 
tion,  tlie  substauce  originally  taken  is  re -obtained. 
!  in  mind  that  the  eitpulsion  of  the  water  taken  for 
inplished  with  equal  facility  throughout,  because 
agrees  of  chemical  affinity  for  the  substance  ilis 


solved.  Thus,  if  a  solution  of  sulphuric  acid,  which  mixes  with  water 
in  nil  proportions,  lie  heated,  it  will  be  found  that  very  different 
degrees  of  heat  are  required  to  expel  the  water.     When  it  is  in  a  large 


luatUil  HUB.  The  grefttest  riw  of  temperature  is  HO". 
evolution  ol  hent  (given  on  tbe  middle  cnrve)  eom 
(100  0.  c.)  of  the  wlutioD  producsd.  The  top  eurve  e 
which  alK  coITeaponds  with  IDO  Tolumoa  o(  the  BOlnl 
lo  the  greateat  rise  o(  lempernture, 


It  toFreEpondii  with  the  greatest 
iponding  with  a  definite  volame 
prenses  tbe  degree  of  cniitrsction, 
on  prodaoed.  The  groateit  con- 
BspondB  with  the  tomuition  of  a 


trihydrate,  Hi,SOj,att,0  ( =  7B*1  p*.  HjSOj),  whieh  very  hkelj  repeau  itnelf  in  a  nimilM- 
(orm'in  other  soliilionHK  although  nil  UiephenanienH(o[«intraction,  evolution  of  heat,  and 
rine  of  tampemtarel  are  very  complex  and  a.re  dependent  on  many  rircumstanceB.  One 
would  think,  howemr,  judging  from  the  abore  eiamples,  that  all  other  influence)!  are 
feebler  in  their  action  than  chemical  attraction,  especially  when  it  ia  nn  conaidsrable  as 
between  Hulphuric  acid  and  water. 
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pxccis,  water  already  begins  to  come  off  at  a  tempei*ature  slightly  I 
above  100°,  but  if  it  he  in  but  a  small  proportion  there  is  such  a  I 
reldtion  between  it  and  the  sulphuric  acid  that  at  l^O",  150',  200°,  and  1 
even  at  300',  water  is  still  held  by  the  sulphuric  acid.  The  bond  J 
between  the  remaining  quantity  of  water  and  the  sulphuric  acid  is  I 
evidently  stronger  than  the  bond  between  the  sulphuric  acid  and  the  j 
excess  of  water.  The  force  acting  in  solutions  is  consequently  of  | 
different  intensity,  starting  from  so  feeble  an  attraction  that  the  pivsper-  I 
ties  of  water — as,  for  instance,  its  power  of  evaporation — are  but  very  I 
little  changed,  and  ending  with  cases  of  strong  attraction  between  the  J 
water  and  the  substance  dissolved  in  or  cheiuically  combined  with  it.  In  I 
considei'atioii  of  the  very  important  signifieation  of  the  phenomena,  and  I 
of  the  coses  of  the  breaking  up  of  solutions  with  separation  of  watef  I 
or  of  the  substance  dissolved  from  them,  we  shall  further  discuss  them  1 
separately,  after  having  acquainted  ourselves  with  certain  peculiarities  1 
of  the  solution  of  gases  and  of  solid  Ixidies,  1 

The  solubility  of  gases,  which  is  usually  measured  by  the  volume 
cf  gas**  (at  0°  and  760  mm.  pressure)  per  100  volumes  of  water,  varies 
not  only  with  the  nature  of  the  gas  (and  also  of  the  solvent),  and  | 
with  the  teiuperature,  but  also  with  the  pressure,  because  gases  them-  J 
selves  change  their  volumes  considerably  with  the  pressure.  As  might  I 
be  expected,  ( 1 )  gases  which  are  easily  liquefied  (by  pressure  and  cold)  are  i 
more  soluble  than  those  which  are  liquefied  with  difficulty.  Thus,  in  i 
100  volumes  of  water  there  dissolve  at  O^and  760  mm.  only  two  volume*  ] 
of  hydrogen,  three  volumes  of  carbonic  oxide,  four  volumes  of  oxygen,  J 
4«.,  for  these  are  gases  which  are  liquefied  with    difficulty  ;   whilst  I 

>■  If  H  (alume  a!  gut  »  lie  measured  under  a  presBUre  o(  li  nim.  of  mereurj  lat  <n  ' 
and  at  ■  temperatare  f  Centiftiade,  then,  actwrding  to  the  lantt  o(  Bo;le,  MuiotCe,  and 
o(  Ray^LiUMe  combined,  its  volume  at  0°  and  700  mm.  «iU  equal  tlie  produat  of  u  into 
760  divided  by  Lhe  product  of  A  into  1  'i-at^,  where  ci  is  tbe  co-efQoient  of  expansion  of 
gaaei,  which  is  eqnal  lo  O-OOSUT.  The  weight  of  the  ga*  will  bo  equal  to  ita  volume  At 
0°  MidT60  mm.  mulliplied  by  its  density  relerred  to  air  and  by  the  weight  a!  one  lolunis 
ot  ail  at  0^  and  7B0  mm.  The  weight  of  one  litre  of  air  atider  tlieHe  cunditiona  being— 
I'Sn  grams.  If  the  density  of  the  gas  be  given  iu  relation  to  hydrogen  this  must  be 
dirided  by  14'4  to  bring  it  in  relation  Co  air.  If  the  gae  be  iniu>snnHl  wheii  saturated 
with  aqueoQB  vapour,  then  it  must  be  rednced  to  the  volnme  sud  weight  ot  the  gaawhen 
diy,  accoiding  to  the  rales  given  iu  Note  1.  U  the  preaanre  be  determined  by  a 
column  of  marcnry  having  a  temperature  t,  then  hy  dividing  the  height  of  Ibe  column  by 
I  +  D-OOOIM  the  corresponding  height  at  ff  is  ohuined.  If  the  gu  be  enclosed  in  a 
lobe  in  which  a  liquid  itands  above  the  level  ot  the  mercury,  the  height  at  the  column 
■>(  the  liquid  being -H  and  its  density  =  D.  tlien  the  gas  will  be  under  a  preesure  whioh 
is  equal  lo  lhe  barometric  presaDrfi  iees  ,        .  where  I8BH  is  the  density  of  mercury. 

these  methods  the  giianlits  of  a  go*  ia  determined,  and  its  observed  volume  reduced  ttr  | 
normal  conditions  or  to  parts  by  weight.     The  physical  data  ronccraing  vapours  i 
gueeDiustbecontinaallykept  in  ugbt  iudealingwithsndmeasuringgases.    Thestodeat  ] 
innst  become  perfectly  familiar  with  the  calculations  relating  to  gsses. 
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there  dissolve  180  volumes  of  carbonic  anhydride,  130  of  nitrous  oxide, 
and  437  of  sulphurous  anhydride,  for  these  are  gases  which  are  rather 
easily  liquefied.  (2)  The  solubility  of  a  gas  is  diminished  by  heating, 
which  is  easy  to  understand  from  what  has  been  said  previously— that 
the  elasticity  of  a  gas  becomes  greater  as  it  is  further  removed  from  a 
liquid  state.  Thus  100  volumes  of  water  at  0°  dissolve  2*5  volumes  of 
air,  and  at  20°  only  1'7  volumes.  For  this  reason  cold  water,  when 
brought  into  a  warm  room,  parts  with  a  portion  of  the  gas  dissolved  in 
it.^"  (3)  The  quantity  of  the  gas  dissolved  varies  directly  with  the  pres- 
sure. This  rule  is  called  the  law  of  Henry  and  Dalton,  and  is  applicable 
to  those  gases  which  are  little  soluble  in  water.  Therefore  a  gas  is 
separated  from  its  solution  in  water  in  a  vacuum,  and  water  saturated 
with  a  gas  under  great  pressure  parts  with  it  if  the  pressure  be  dimi- 
nished. Thus  many  mineral  springs  are  saturated  underground  with 
carbonic  anhydride  under  the  great  pressure  of  the  column  of  water 
above  them.  On  coming  to  the  surface,  the  water  of  these  springs 
boils  and  foams  in  giving  up  the  excess  of  dissolved  gas.  Sparkling 
wines  and  aerated  waters  are  saturated  under  pressure  with  the  same 
gas.  They  hold  the  gas  so  long  as  they  are  in  a  well-corked  vessel. 
When  the  cork  is  removed  and  the  liquid  comes  in  contact  with  air  at 
a  less  pressure,  part  of  the  gas,  unable  to  remain  in  solution  at  a  lesser 
pressure,  is  separated  as  foam  with  the  hissing  sound  familiar  to  all. 
It  must  be  remarked  that  the  law  of  Henry  and  Dalton  belongs  to  the 
class  of  approximate  lai(%  like  the  laws  of  gases  (Gay-Lussac*s  and 
Mariotte's)  and  many  others — that  is,  it  expresses  only  a  portion  of  a 
complex  phenomenon,  the  limit  towards  which  the  phenomenon  aims. 
The  matter  is  rendered  complicated  from  the  influence  of  the  degree  of 
solubility  and  of  affinity  of  the  dissolved  gas  for  water.  Gases  which 
are  little  soluble — for  instance,  hydrogen,  oxygen,  and  nitrogen — follow 
the  law  of  Henry  and  Dalton  the  most  closely.  Carbonic  anhydride 
exhibits  a  decided  deviation  from  the  law,  as  is  seen  from  the  determi- 
nations of  Wroblewski  (1882).  He  showed  that  at  0°  a  cubic  centi- 
metre of  water  absorbs  1  '8  cubic  centimetres  of  the  gas  under  a  pressure 
of  one  atmosphere  ;  under  10  atmospheres,  16  cubic  centimetres  (and 
not  18,  as  it  should  be  according  to  the  law) ;  under  20  atmospheres, 

^  According  to  Bunsen,  100  volumes  of  water  under  a  pressure  of  one  atmosphere 
absorb  the  following  volumes  of  gas  (measured  at  0°  and  760  mm.)  :— 

123  466  7  K9                10 

0°         411         203         1-93  179-7         33         130-5  4371  688-6        f)-4  104960 

10°        3-26         1-61         1-93  118-5        S'C          92*0  3586  6138        4-4          812KO 

2«»°         2-84         1-40        1-93  901        ,2-3          67-0  2905  3622        35          65400 

1,  oxygen  ;  2,  nitn)Ken  :  3.  hydrogen  :  4,  carhonic  anhydride  ;  5,  carbonic  oxide;  6,  nitrous  oxide; 
7,  hydrogen  sulphide  :  8,  sulphurous  anhydride  ;  9,  marsh  gas  ;  10,  ammonia. 
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26-6  cubic  centimetres  (insU'ad  of  36)  -  and  under  30 atmosphcreK,  33'7 

cubic  centimetres.^'     However,  as  the  resparches  of  8echenoff  show, 

the  (ibaorption  of  carbonic  anhydride  withm  certain  limits  of  change 

of  pressure,  and  at  the  oniinary  tempnrature   I  j  water     and  even   by 

solutions  of  salts  which  are  not  cheni  cally  cl  anged   by  it,  nr  do  not 

form  compounds  with  it  —very  closely  folio    s  the  law  of  Henry  and 

Dalton,  so  that  the  chemical  bond  between  this  gas  and  water  is  so 

feeble  that  the  breaking  up  of  the  solution  with  separation  of  the  gas 

L  is  accomplished  by  a  decrease  of  pressure  ahme.^'     The  case  is  diflerent 

[  if  a  considerable  affinity  exists  between  the  dissolved  gas  and  water. 

L  Then  it  niight  even  be  expected  that  tlie  gas  would  not  be  entirely 

|'.B^)a,rat«d  from  water  in  a  vacuum,  as  should  be  the  case  with  gases 

f  according  to  the   law  of   Henry  and    Dalton.     Such  gases^and,   in 

[  general,  all  which  are  very  soluble — 'exhibit  a  distinct  deviation  from 

JFthe  law  of  Henry  and  Dalton.     As  examples,  ammonia  and   hydro- 

I  chloric  acid  gus  may  be  taken.     The  former  is  separated  by  boiling  and 

1  decrease  of  pressure,  while  the  latter  is  not,  but  they  both  deviate  dis- 

li'tinctly  from  the  law. 


P».n™lnmn.               Ammonia  .IfMolvi'd     |      HjdiwUlorio  mW 
ninnrciuT                        wnta-.to"           \     imunn  or  ntcr  U  D" 

limiis               1               Ununi. 

nio                           afi-0                           ris-7             i 
1,000                         iJM                           avfl 

].BOfl                                      IBSIl                                         - 

^t  will  be  remarked,  for  instance,  from  this  table  tliat  whilst  the  pres- 

1  Th«>e  fiiturvB  Hhow  liut  lite  to-efficiisnt  of  sotubilitj  ilBi^reiuGii  with  hd  increitM  of 

IDTD,  notwithiitaniling  that  Che  c&rbonic  uili;(1rid«  MppRiaclies  ■  lii]ui(l  utiiM,     And, 

d,li<iuefiedriirbiniit  •nliydride  does  iiot  inl«nnii  with  wnter,  «ud  dnen  not  aihibit  s 

n  tmliibUity  nt  its  tBniparatnre  of  liqiietuction.    This  inditiiltia,  Lii  tha  Hn( 

«,tkat  lolutian  dueH  uot  coimist  in  liquefsttion,  and  in  tb?  wcond  pliice  that  the  •oId- 

Qitr  of  ■  lubatKDce  is  dBlennined  by  K  pecnliiir  otttnetion  of  water  for  the  aDbatann 

Kitilewaki  even  eonsidera  it  pOBUbU  (a  ailmil  tlutt  a  disHolved  gas  retaina 

la  prepoitim  uh  a  gat,.    This  he  dedacex  tram  his  eiiierimeiita,  whiph  showed  that  the 

t«  el  diSiuiou  at  gneei  in  a  solvent  in.  lor  grneu  ot  dillerent  denaitiea,  inrereely  propor- 

lll  to  ihs  square  roots  of  their  ^nHitiea.  jant  as  the  velotitiet  of  movemi^Dt  of  gaseoaa 

'      ;  w  Note  Si  on  p.  80).  Wroblewalli  showed  the  affinity  of  water,  H^,  for  carbonio 

B,  COn,  (rom  the  fact  that  on  expanding  moiet  ccmpresBed  carbonio  ouhydride 

(P  aaint  a  preasnre  of  10  BlmOBphenja)  he  obl*ined  |a  fall  in  temperotnte 

■place  from  (he  eipansioni  a  *ery  onstuble  deftuite  rrjBtalliiie  eompoiuud,  CO,  +  8H«0. 

••  Aa,  according  lo  Iho  i»BB»rche«  of  Boseoe  and  his  enUfthorntoni,  nmmonia  Mhibita 

leviiition  at  low  tempsrsituniB  from  thf  law  of  Henry  and  Dalton,  vhJUt 

M  UMP  the  derialiiin  is  Kmall.  it  would  tipiwar  that  the  itinwwiatinif  inHuence  ot  tern- 

in  all  gaseous  Bolatinne;  that  in,  at  high  huDperatiiTes,  the  wlntioiia  of 

11  will  (ollow  the  Uw,  and  at  lower  temperatures  there  will  in  nil  cases  be  » 
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sure  increased  10  times,  the  solubility  of  ammonia  only  increased  4.\ 
times. 

A  number  of  examples  of  such  cases  of  the  absorption  of  gases 
by  liquids  might  be  cited  which  do  not  in  any  way,  even  approximately, 
agree  with  the  laws  of  solubility.  Thus,  for  instance,  carbonic  anhy- 
dride is  absorl)ed  by  a  solution  of  caustic  potash  in  water,  and  if  there 
be  sufficient  caustic  potash  it  is  not  separated  from  the  solution  by  a 
decrease  of  pressure.  This  is  a  case  of  more  intimate  chemical  com- 
bination. A  less  completely  studied,  but  similar  and  clearly  chemical, 
correlation  appears  in  certain  cases  of  the  solution  of  gases  by  water, 
and  we  shall  afterwards  take  an  example  of  this  in  the  solution  of 
hydrogen  iodide  ;  but  first  we  will  stop  to  consider  a  remarkable  appli- 
cation of  the  law  of  Henry  and  Dalton'*  in  the  case  of  the  solution  of 
a  mixture  of  two  gases,  and  this  we  must  do  all  the  more  because  the 
phenomena  which  then  take  place  cannot  be  foreseen  without  a  clear 
theoretical  representation  of  the  nature  of  gases. ^ 

^  The  ratio  between  the  presnure  and  the  amoant  of  gas  disBolved  was  discovered  by 
Henry  in  1805,  and  Dalton  in  1807  r>ointed  oat  the  adaptability  of  this  law  to  cases  of 
gaseoas  mixtures,  introducing  the  conception  of  partial  pressures  which  is  absolutely 
necessary  for  a  right  comprehension  of  Dalton's  law.  The  conception  of  partial  pressures 
essentially  enters  into  that  of  the  diffusion  of  vapours  in  gases  (footnote  1) ;  for  the 
pressure  of  damp  air  is  equal  to  the  sum  of  the  pressures  of  dry  air  and  of  the  aqueous 
vapour  in  it,  and  it  is  admitted  as  a  sequence  to  Dalton's  law  that  evaporation  in  dry 
air  takes  place  as  in  a  vacuum.  It  is,  however,  necessary  to  remark  that  the  volume  of 
a  mixture  of  two  gases  (or  vapours)  is  only  approximately  equal  to  the  sum  of  the  volumes 
of  its  constituents  (the  same,  naturally,  also  refers  to  their  pressures) — that  is  to  say,  in 
mixing  gases  a  change  of  volume  occurs,  which,  although  small,  is  quite  apparent  when 
carefully  measured.  For  instance,  in  1888  Brown  showed  that  on  mixing  various  volumes 
of  sulphurous  anhydride  (SO^)  with  carbonic  anhydride  (at  equal  pressures  of  760  mm. 
and  equal  temperatures)  a  decrease  of  pressure  of  8*9  millimetres  of  mercury  was 
observed  The  possibility  of  a  chemical  action  in  similar  mixtures  is  evident  from  the 
fact  that  equal  volumes  of  sulphurous  and  carbonic  anhydrides  at  — 19*^  form,  according 
to  Pictet's  researches  in  1888,  a  liquid  having  the  signs  of  a  chemical  compound,  or  a 
solution  similar  to  that  given  when  sulphurous  anhydride  and  water  combine  into  an 
unstable  chemical  whole. 

'*  The  origin  of  the  now  generally-accepted  kinetic  theory  of  gases,  according  to 
which  they  are  animated  by  a  rapid  progressive  movement,  is  very  ancient  (Bernoulli  and 
others  in  the  last  century  had  already  developed  a  similar  representation),  but  it  was 
only  generally  accepted  after  the  mechanical  theory  of  heat  had  been  established,  and 
after  the  work  of  Kriinig  (1855),  and  especially  after  its  mathematical  side  had  been 
worked  out  by  Clausins  and  Maxwell.  The  pressure,  elasticity,  diffusion,  and  internal 
friction  of  gases,  the  laws  of  Boyle,  Mariotte,  and  of  Gay-Lnssac  and  Avogadro-Gerhardt 
are  not  only  explained  (deduced)  by  the  kinetic  theory  of  gases,  but  also  expressed  with 
perfect  exactitude ;  thus,  for  example,  the  magnitude  of  the  internal  friction  of  different 
gases  was  foretold  with  exactitude  by  Maxwell,  by  applying  the  theory  of  probabilities  to 
the  concussion  of  gaseous  particles.  The  kinetic  theory  of  gases  must  therefore  be  con- 
sidered as  one  of  the  most  brilliant  acquisitions  of  the  latter  half  of  the  present  centur}-. 
The  velocity  of  the  progressive  movement  of  the  gaseous  particles  of  a  gas,  one  cubic 
centimetre  of  which  weighs  d  grams,  is  found,  according  to  the  theory,  to  be  equal  to 
the  square  root  of  the  product  of  SpDg  divided  by  tf ,  where  p  is  the  pressure  under  which 
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T/ut  law  of  partial  jifusurea  is  as  follows  : — The  Bolubility  of  gases 
I  in  mtermixture  with  each  other  does  not  depend  on  the  influence  of 
I  the  total  pressure  acting  on  the  mixture,  but  on  the  influence  of  that 
I  portion  of  the  total  pressure  which  is  due  to  the  ^'oluule  of  each  given  gas 
in  the  misture.  Thus,  for  instance,  if  oxygen  and  carbonii;  anhydride 
,    were  mixed  in  equal  volumes  and  exerted  a  pressure  of  760  millimetres, 

itetormincd  eipreaned  iu  centimelrea  «(  Die  morcut)-  column,  D  the  veifilit  at  ■  cqIjic 
of  mercurj"  in  ifrnrnn  (flslSSW,  p  =  7(l,  conneqiiently  the  normal  presBare  = 
1,088  gnun«  on  a  gq.  «.  in.),  tad  g  the  oEceleration  ol  ern'ilf  in  cwotinietreE  (y  DSD-G, 
kl  the  BW  level  and  long.  IG^.^SSl'SS  at  St.  Fetenbnrg ;  in  genenl  it  ruries  vith  the 
lopgitude  and  attitude  ol  the  locality).  Therefore,  M  0°  the  velocity  of  hydrogen  ia  1,MS, 
and  of  taygen  101,  metru  per  second.  This  is  the  arerKge  Telocity,  and  (aLimding  to 
Maxwell  and  Dtheri)  it  in  probahle  that  the  TslocitieB  ot  individual  particlen  »,te  different, 
Ihat  ia,  Ihey  occac  in,  an  it  were,  different  conditions  of  lemperatnre,  which  is  very  im- 
portant to  take  into  uouaideration  in  the  invwitigation  of  many  phenomena  proptT  la 
matter.  It  i«  evident  from  tba  above  determioatioii  of  the  Toloaity  of  gases,  that 
difl«i«nt  gaaetL  at  the  laine  temperature  and  preBsure  hare  average  veloEiliea,  which  are 
inrenely  proportional  to  the  square  roots  of  their  densities ;  thin  is  also  shown  by  direct 
mparlment  on  the  Bow  of  gases  through  a  fine  orifice,  or  through  ■  poroan  wall.  Thia 
iinimilar  ilrloriln  of  fou}  for  different  gases  ia  (reqaently  taken  advantage  of  in 
ehemioal  researches  fsee  Chap.  11.  and  also  Chap.  VTI.  on  the  law  of  Avogadro-Qerhardt^ 
In  order  to  separate  two  gases  having  different  donuties  and  velocities.  The  difference 
ol  the  velooity  of  flow  of  gases  altu)  delsmunes  the  phenomenon  cited  in  the  Inllowing 
leotnote  for  demonstrating  the  existence  of  an  internal  movement  in  gaaea 

IT  tor  a  certain  miuB  of  a  gas  which  folly  and  eiactly  follows  the  laws  ot  Uariotte 
and  (ray-Lnssac  the  temperature  t  and  the  pressure  y  be  simultaneously  olianged.  then 
the  entire  change  would  be  expressed  by  the  eqnatiou  pr^C  (t-t-ar),  or.  what  is  the 
wlIie,f>D-R7',  where  T  c- 1  ■•■  373  and  C  and  Rare  constants  which  vary  not  only  with  the 
naita  of  measurement  bnt  with  the  nature  of  the  gas  and  its  mans.  But  as  there  are 
diacrepaneiea  from  both  the  fnndsjnental  Uws  of  gases  (which  will  be  ajiohen  of  in  the- 
(oUowing  chapter),  and  as,  on  the  one  hand,  a  certain  attraction  between  the  gaseoua 
molKniles  mast  be  admitted,  and  on  the  other  hand  it  must  be  acknowledged  that  tb»- 
gweosi  molecules  themselves  occupy  a  portion  nl  a  space,  therefore  tor  ordinary  gases, 
witliia  any  eonsidernble  variation  of  pressure  and  temperature,  recourse  should  be  liad 
«D  Van  der  Waal's  formula— 


wtien  a  ia  the  I 


(p  +  ~)   (<^-p)--B 


co-efflcient  of  e 
fianirian  of  ah  at  the  atmospheric  pressuii 
IHHtMT,  when  detennuied  from  the  chan; 
and  when  determined  from  the  change  of 
Kayander),  and  for  other  gaseH  there  is  a  i 
lOllDwing  chapter),  whtoh  i 


tcM  that  co.efficient  of  expansion  should  bv  taken  which  all 
Tta*  qatMtHy  i*  approximately  OOOBRT. 

□iportant 


:id  between  lempeialures  of  U^  and  IDO"* 
if  pressure  (aeconling  to  Begnault's  data) 
ime^cU'DOIMM  (according  to  Mendelfeff  and 
repancy,  although  not  a  large  one  (see  the 
high  pressures  and  for  great  densities,  there- 


liai-G  at  low  pressi 
signihcance  in  the  ci 


nio  a  liijuid  state,  because  the  luiidainehtal  properties  ol 
[ually  well  expressed,  although  only  in  their  general  (en 


The  further  developmen 


I  will  b«  partially  considered  in 
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then  water  would  dissolve  so  much  of  each  of  these  gases  as  would  l)e 
dissolved  if  each  separately  exerted  a  pre&$ure  of  half  an  atmosphere, 
and  in  this  case,  at  0°  one  cubic  centimetre  of  water  would  dissolve 
0-02  cubic  centimetre  of  oxygen  and  0*90  cubic  centimetre  of  carbonic 
anhydride.  If  the  pressure  of  a  gaseous  mixture  equals  h,  and  in  n 
volumes  of  the  mixture  there  be  a  volumes  of  a  given  gas,  then  its 
solution  will  proceed  as  though  this  gas  were  dissolved  under  a  pres- 
sure    .     That  portion  of  the  pressure  under  influence  of  which  the 

solution  proceeds  is  termed  the  *  partial '  pressure. 

In  order  to  represent  to  oneself  the  cause  of  the  law  of  partial 
pressures,  an  explanation  must  be  given  of  the  fundamental  properties 
of  gases.  Gases  are  elastic  and  disperse  in  all  directions.  All  that  is 
known  of  gases  obliges  one  to  think  that  these  fundamental  properties 
of  gases  are  due  to  a  rapid  progressive  movement,  in  all  directions, 
which  is  proper  to  their  smallest  particles  (molecules). ^-^  These  mole- 
cules in  impinging  against  an  obstacle  produce  a  pressure.  The  greater 
the  number  of  molecules  impinging  against  an  obstacle  in  a  given  time, 
the  greater  the  pressure.  The  pressure  of  a  separate  gas  or  of  a  gaseous 
mixture  depends  on  the  sum  of  the  pressures  of  all  the  molecules,  on 
the  number  of  blows  in  a  unit  of  time  on  a  unit  of  surface,  and  on  the 
mass  and  velocity  (or  the  vis  viva)  of  the  impinging  molecules.  To  the 
obstacle  all  molecules  (although  different  in  nature)  are  alike  ;  it  is 
submitted  to  a  pressure  due  to  the  sum  of  their  vis  viva.  But,  in  a 
chemical  action  such  as  the  solution  of  gases,  on   the  contrary,  the 

^  Although  the  actaal  movement  of  gaseoas  molecales,  which  is  acknowledged  by  the 
kinetic  theory  of  gases,  cannot  be  seen,  yet  its  existence  may  be  rendered  evident  by 
taking  advantage  of  the  difference  in  the  velocities  which  undoubtedly  belongs  to 
different  gases  which  are  of  different  densities  under  equal  pressures.  The  molecules  of  a 
light  gas  must  move  more  rapidly  than  the  molecules  of  a  heavier  gas  in  order  to  produce 
the  same  pressure.  Let  us  take,  therefore,  two  gases — hydrogen  and  air ;  the  former  is 
14*4  times  lighter  than  the  latter,  and  hence  the  molecules  of  hydrogen  must  move  almost 
four  times  more  quickly  than  air  (more  exactly  8*8,  according  to  the  formula  given  in  the 
preceding  footnote).  Consequently,  if  air  occurs  inside  a  porous  cylinder  and  hydrogen 
outside,  then  in  a  given  time  the  volume  of  hydrogen  which  succeeds  in  entering  the 
cylinder  will  be  greater  than  the  volume  of  air  leaving  the  cylinder,  and  therefore  the 
pressure  inside  the  cylinder  will  rise  untU  the  gaseous  mixture  (of  air  and  hydrogen) 
attains  an  equal  density  both  inside  and  outside  the  cylinder.  If  now  the  experiment 
be  reversed  and  air  surround  the  cylinder,  and  hydrogen  be  inside  the  cylinder,  tlien  more 
gas  will  leave  the  cylinder  than  enters  it,  and  hence  the  pressure  inside  the  cylinder 
will  be  diminished.  In  these  considerations  we  have  replaced  the  idea  of  the  number 
of  molecules  by  the  idea  of  volumes.  We  shall  learn  afterwards  that  equal  volumes 
of  different  gases  contain  an  equal  number  of  molecules  (the  law  of  Avogadro-Ger- 
hardt),  and  therefore  instead  of  speaking  of  the  number  of  molecules  we  can  speak  of 
the  number  of  volumes.  If  the  cyUnder  be  partially  immersed  in  water  the  rise  and  fall 
of  the  pressure  can  be  observed,  and  consequently  the  experiment  can  be  rendered  self- 
evident. 
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nature  of  the  impinging  molecules  plays  the  most  impiirtant  part.  In 
impinging  againat  a  liquid,  a  portion  of  the  gas  enters  into  the  liquid 
itaelf,  and  is  ht-iil  by  it  so  long  ua  other  gaseous  molecules  impinge 
against  the  liijuicl — exert  &  pressure  on  it.  As  regards  the  solubility  of 
a  giren  gas,  for  the  niimtier  of  blows  it  makes  on  the  surface  of  a  liquid, 
it  is  imniftterial  whether  other  niolecules  of  gases  impinge  side  by  side 
with  it  or  not.  Therefore,  the  solubility  i>f  a  given  gas  will  be  propor- 
tional, not  to  the  total  pressure  of  u  gasieous  mixture,  but  to  that  por- 
tion of  it  which  ia  due  to  the  given  gas  Bepariitely.  Further,  the  satura- 
tion of  a  liquid  by  a  gas  depends  on  the  fact  that  the  molecules  of 
gases  that  have  entered  into  a  liquid  do  not  remain  at  rest  in  it, 
iilthough  they  enter  in  a  harmonious  kind  of  movement  with  the  mole- 
cules "f  the  liquid,  and  therefore  they  throw  themselves  olT  from  the 
surface  of  the  liquid  {just  like  its  vapour  if  the  liquid  be  volatile).  If 
in  a  unit  of  time  an  equal  number  of  molecules  penetrate  into  (leap 
into)  a  liquid  and  leave  (or  leiip  out  of)  a  liquid,  it  is  satni-ated.  It 
is  a  case  of  mobile  equilihriuin,  and  not  of  rest.  Therefore,  if  the 
pressure  tie  diminisheil,  the  number  of  molecules  departing  from  the 
liquid  will  exceed  the  number  of  molecules  entering  into  the  liquid, 
and  R  fre^h  state  of  mobile  equilibrium  only  takes  place  under  a  fresh 
equality  of  the  number  of  molecules  departing  from  and  entering  into 
the  liquid.  Thus  are  explained  the  main  features  of  the  solution,  and 
furthermore  of  that  special  (chemical)  attraction  (penetration  and  har- 
monious movement)  of  a  gas  for  a  liquid,  which  determines  both  the 
measure  of  solubility  and  the  degree  of  stability  of  the  solutions  pro- 

The  consequences  of  the  law  of  partial  pressures  are  exceedingly 
numerous  and  important.  All  liquids  in  nature  are  in  contact  with  the 
atmosphere.  The  atmr:«phere,  as  we  sliall  afterwards  see  more  fully, 
consists  of  an  intermixture  of  gases,  chiefly  four  in  number-'Oxygen, 
nitrogen,  carbonic  anhydride,  and  a<[ueous  vapour.  100  volumes  of 
air  contain,  approximaiely,  78  volumes  of  nitrogen,  and  about  21 
volumes  of  oxygen  ;  the  quantity  of  carlwnic  anhydride,  by  volume, 
does  not  exceed  0-05.  Under  ordinary  circumstances,  the  quantity  of 
aqueous  vapour  is  much  greater,  but  it  varies  with  the  moisture  of  the 
atmosphere.  Consequently,  the  solution  of  nitrogen  in  a  liquid  in 
contact  with  the  atmosphere  will  proceed  under  a  partial  pressure  ecjual 
to  j-Vn  x760  mm.  if  tlie  atmospheric  pressure  equal  760  mm.  ;  con- 
sequently, under  a  pressure  of  COO  ram.  of  mercury,  the  solution  of 
—oxygen  will  proceed  under  a  partial  pressure  of  about  160  mm.,  and 
B  solution  of  carbonic  anhydride  only  under  the  very  small  pressure 
I  0*4  mm.     Therefore,  although  the  amount    of    nitrogen  in  air  is 
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large,  yet,  as  the  solubility  of  oxygen  in  water  is  twice  that  of  the 
nitrogen  in  water,  the  proportion  of  oxygen  dissolved  in  water  will  be 
greater  than  its  proportion  in  air.  It  is  easy  to  calculate  what  quantity 
of  each  of  the  gases  will  be  contained  in  water,  and  we  will  take  the 
most  simple  case,  and  calculate  what  quantity  of  oxygen,  nitrogen,  and 
carbonic  anhydride  will  be  dissolved  from  air  having  the  above  com- 
position at  0°  and  760  mm.  pressure.  Under  a  pressure  of  760  mm.  1 
cubic  centimetre  of  water  dissolves  0*0203  cubic  centimetre  of  nitrogen, 
or  under  the  partial  pressure  of  600  mm.  it  will  dissolve  0*0203  x  ^JJ, 
or  0*0160  cubic  centimetre  ;  of  oxygen  0*0411  x  |g{},  or  0*0086  cubic  cen- 

0*4 
timetre  ;  of  carbonic  anhydride  1*8  x-— ^r  or  0*00095  cubic  centimetre; 

consequently,  100  cubic  centimetres  of  water  will  contain  at  0°  altogether 
2*55  cubic  centimetres  of  atmospheric  gases,  and  100  volumes  of  air 
dissolved  in  water  will  contain  about  62  p.c.  of  nitrogen,  34  p.c.  of 
oxygen,  and  4  p.c.  of  carbonic  anhydride.  The  water  of  rivers,  wells, 
<kc.,  usually  contains  more  carbonic  anhydride.  This  proceeds  from 
the  oxidation  of  organic  substances  falling  in  the  water.  The  amount 
of  oxygen,  however,  dissolved  in  water  appears  to  be  actually  about  ^ 
the  dissolved  gases,  whilst  air  contains  only  ^  of  it  by  volume. 

According  to  the  law  of  partial  pressures,  whatever  gas  be  dissolved  in 
water  will  be  expelled  from  the  solution  in  an  atmosphere  of  another  gas. 
This  depends  on  the  fact  that  gases  dissolved  in  water  escape  from  it 
in  a  vacuum,  because  the  pressure  is  nil.  An  atmosphere  of  another 
gas  acts  like  a  vacuum  on  a  gas  dissolved  in  water.  Separation  then 
proceeds,  because  the  molecules  of  the  dissolved  gas  no  longer  impinge 
upon  the  liquid,  are  not  dissolved  in  it,  and  those  previously  held  in  solu- 
tion depart  from  the  liquid  in  virtue  of  their  elasticity.^*'*     For  the  same 

^^  Here  there  may  be,  properly  speaking,  two  cases :  either  the  atmosphere  Burround- 
ing  the  solution  may  be  limited,  or  it  may  be  proportionally  so  vast  as  to  be  unlimited, 
like  the  earth's  atmosphere.  If  a  gaseous  solution  be  brought  into  an  atmosphere  of 
another  gas  which  is  limited — for  instance,  as  in  a  closed  vessel — then  a  portion  of  the 
gas  held  in  solution  will  be  expelled,  and  thus  pass  over  into  the  atmosphere  surrounding 
the  solution,  and  will  evince  its  partial  pressure.  Let  us  imagine  that  water  saturated 
with  carbonic  anhydride  at  0°  and  under  the  ordinary  pressure  be  brought  into  an 
atmosphere  of  a  gas  which  is  not  absorbed  by  water;  for  instance,  that  10  c.c. 
of  an  aqueous  solution  of  carbonic  anhydride  be  introduced  into  a  vessel  holding 
10  c.c  of  such  a  gas.  The  solution  will  contain  18  c.c  of  carbonic  anhydride.  The 
expulsion  of  this  gas  goes  on  until  a  state  of  equilibrium  is  arrived  at.  The  liquid 
will  then  contain  a  certain  amount  of  carbonic  anhydride,  which  is  retained  uuder 
the  partial  pressure  of  that  gas  which  has  been  expelled.  Now,  how  much  gas  will 
remain  in  the  liquid  and  how  much  will  pass  over  into  the  surrounding  atmosphere  ? 
In  order  to  solve  this  problem,  let  us  Bupix>se  that  x  cubic  centimetres  of  carbonic 
anhydride  are  retained  in  the  solution.  It  is  evident  that  the  amount  of  carbonic  anhy- 
dride which  passed  over  into  the  surrounding  atmosphere  will  be  18  — a*,  and  the  total 
volume  of  gas  will  be  10  + 18— ar  or  28  — a*  cubic  centimetres.     The  partial  pressure  under 
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reason  a  gas  may  be  entirely  expelled  from  a  gaseous  solution  by 
boiling — at  least,  in  many  ca.ws  wlien  it  does  not  form  particularly  stable 
compounils  with  water.  In  fact  the  surface  of  the  boiling  liquid  will 
be  occupied  by  aqueous  vapour,  and  tliei'efore  all  the  pressure  acting 
on  the  gas  will  belong  to  the  a-jueous  vapour.  Consequently,  the  partial 
pressure  of  the  dissolved  gas  will  be  very  inconsiderable.  For  this,  and 
for  no  other  reason,  «  ga»  aepnrntenfrom  a  solution  un  fioiliiiff  thf,  liquid 
holding  it.  At  the  boiling  point  of  water  the  solubility  of  gases  in 
water  is  still  aufficieutly  great  for  a  considerable  quantity  of  a  gaa  to 
remain  in  solution.  The  gas  dissolved  in  the  liquid  is  carrieil  away, 
together  with  the  a(|U(*ous  vapour  ;  if  boiling  be  continued  for  a  long 
time,  then  in  the  end  all  the  gaa  will  be  separated,^' 

which  ibu  cubonii;  itnhydride  \a  then  diiwolied  will  b«  (auppoaing  thM  the  uommon 
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quf  ntly  we  obtain  the  ei 
■phere  into  which  the  gsBeonu  uolution  is  iDtroduceilit  not  only  that  ol  another  Kubntnlao 
noliiuiwd,  then  the  gitH  dianlved  will,  on  pasaing  over  from  the  solnlion,  di(fn«e  itself 
thnm^h  this  atmoephere,  und  from  ita  llmiUfdneHd  produce  ui  infinitely  Binall  pieuore 
in  the  unlimited  aUnosphere.  CinjBequenlly,  no  giui  can  be  retuued  in  lulntion  under 
thii  infinitely  itniall  preagare,  and  it  will  be  entirely  eipelled  trom  the  solntioa.  For 
Ihii  reaaon  water  aalorated  with  a  gas  which  is  nut  contained  in  air,  will  be  entirely  de- 
prived of  the  dissolved  gas  if  left  eipoaed  to  air.  "Water  also  passes  off  ftooi  a  nolation 
into  the  atmosphere,  and  it  lb  evident  that  there  mij^ht  be  snch  a  case  lu  a  constant 
proportion  between  the  ijuantity  of  water  taporiaed  and  the  quantity  of  a  gas  expelled 
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exhibited  in  solations  which  are  not  decomposed  by  heat  isa< 
ol  hydrogen  chloride  and  iodide),  as  will  afterwards  be  considered. 

"  Howeter,  in  thone  caaes  when  the  variation  of  the  co-efficient  of  aolubility  with  the 
temperature  is  not  sufficiently  great,  and  n-ben  a  known  quantity  of  xjneous  vapour 
and  of  the  gaa  pasaei  off  Friim  a  solution  at  the  boiling  point,  an  atmosphere  may  b« 
ofatalued  having  the  same  compnutiDn  as  Che  liquid  itself.  In  this  case  (he  amount  of 
Itaa  poBsing  over  into  auch  an  atmosphere  will  not  be  greater  than  that  hold  by  the 
liquid,  and  tberelore  auch  a  gaaeona  solution  will  dialil  over  without  change,  and  without 
altering  ita  compoettion  during  the  whole  period  oE  boib^ng  or  distillation-  The  solution 
will  then  repreaent,  like  a  solution  of  bydriodic  aoid  in  water,  a  liquid  which  is  not 
d  by  distillation,  while  the  preesnre  under  which  this  distillation  lakes  place  re- 
Is  constant,  Thus  mall  ita  aspects  solution  presents  gradations  from  the  moat  ieebia 
lampleii  of  intimale  chemical  combination.  The  amount  of  heat  evolved  in 
irf  equal  volumes  of  diflerent  giaea  ia  in  diatinct  relation  with  these  variations 
jtrtaMUt;  and  aolubility  of  diflerent  gnees.  3!l-8  litres  of  the  following  gaaes  (at  760 
re)  evolve  the  following  nomber  ol  Igrant)  unite  uf  heat  in  dissolving  in  a 
of  water;  carboniu  anhydride  Ii,ri00.  sulphnrous  anhydride  7,700,  ammonia 
D^  h;drocblotic  acid  17,100.  and  bydriodic  acid  10,«00.  The  two  last-named  gases, 
h  are  not  eipelled  ham  their  solation  fay  boilin^c,  evolve  approximstely  twice  as 
neb  gaaea  as  ommnnia,  which  are  ae|iarated  (torn  tlwir  solutions  by  boiling, 
Btgaaea  which  are  only  slightly  soluble  evolve  less  heat  than  the  latter  gaaea. 
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It  is  evident  that  the  conception  of  the  partial  pressures  of  gases 
should  not  only  be  applied  to  the  formation  of  solutions,  but  also  to  all 
cases  of  chemical  action  of  gases.  Especially  numerous  are  its  appli- 
cations to  the  physiology  of  respiration,  for  in  these  cases  it  is  only  the 
oxygen  of  the  atmosphere  that  acts.^^ 

The  solution  of  solids,  whilst  depending  only  in  a  small  mea- 
sure on  the  pressure  under  which  solution  takes  place  (because  solids 
and  liquids  are  almost  incompressible),  is  very  clearly  dependent  on 
the  temperature.  In  the  great  majority  of  cases  the  solubility  of 
solids  in  water  increases  with  the  temperature ;  and  further,  the 
rapidity  of  solution  increases  also.  The  latter  is  determined  by  the 
rapidity  of  diffusion  of  the  solution  formed  into  the  remainder  of  the 
water.  The  solution  of  a  solid  in  water,  although  it  is  as  with  gases, 
a  physical  passage  into  a  liquid  state,  is  determined,  however,  by  its 
chemical  affinity  for  water ;  which  is  particularly  clear  from  the  fact 
that  in  solution  there  occurs  a  diminution  in  volume,  a  change  in  the 
boiling  point  of  water,  a  change  in  the  tension  of  its  vapour,  in  the 
freezing  point,  and  in  many  similar  properties.  Were  solution  a  physical, 
and  not  a  chemical,  phenomenon,  it  would  naturally  be  accompanied 
by  an  increase  and  not  by  a  diminution  of  volume,  because  generally  in 
melting  a  solid  increases  in  volume  (its  density  diminishes).  Con- 
traction  is  the  usual  phenomenon  accompanying  solution,  and  takes 
place  even  in  the  addition  of  solutions  to  water,^'-*  and  in  the  solution 

5®  Among  the  numerous  researches  concerning  this  subject,  certain  results  obtained 
by  Paul  Bert  are  cited  in  Chapter  III.,  and  here  we  will  point  out  that  Prof.  Sechenoff, 
in  his  researches  on  the  absorption  of  gases  by  liquids,  very  fully  investigated  the 
phenomena  of  the  solution  of  carbonic  anhydride  in  solutions  of  various  salts,  and 
arrived  at  many  important  results,  which  showed  that,  on  the  one  hand,  in  the  solution 
of  carbonic  anhydride  in  solutions  of  salts  on  which  it  is  capable  of  acting  chemically  (for 
example,  sodium  carbonate,  borax,  ordinary  sodium  phosphate),  there  is  not  only  an 
increase  of  solubility,  but  also  a  distinct  deviation  from  the  law  of  Henry  and  Dalton  ; 
and,  on  the  other  hand,  that  solutions  of  salts  which  are  not  acted  on  by  carbonic  anhy- 
dride (for  example,  the  chlorides,  nitrates,  and  sulphates)  absorb  less  of  it,  by  reason  of 
the  competition  of  the  already  dissolved  salt,  and  follow  the  law  of  Henry  and  Dalton^ 
but  all  the  same  show  undoubted  signs  of  a  chemical  action  between  the  salt,  water,  and 
carbonic  anhydride.  Sulphuric  acid  (whose  co-efficient  of  absorption  is  92  vols,  per  100), 
when  diluted  with  water,  absorbs  less  and  less  carbonic  anhydride,  until  the  hydrate 
H3S04,H20  (co-eff.  of  absorption  then  equals  66  vols.)  is  formed ;  then  on  further 
addition  of  water  the  solubility  again  rises  until  a  solution  of  100  p.c.  of  water  is 
obtained. 

'^  Kremers  made  this  observation  in  the  following  simple  form  : — He  took  a  narrow- 
necked  flask,  with  a  mark  on  the  narrow  part  (like  that  on  a  litre  flask  which  is  used  for 
accurately  measuring  liquids),  poured  water  into  it,  and  then  inserted  a  funnel,  having  a 
fine  tube  which  reached  to  the  bottom  of  the  flask.  Through  this  funnel  he  carefully 
poured  a  solution  of  any  salt,  and  (having  removed  the  funnel)  allowed  the  liquid  to 
attain  a  deflnite  temperature  (in  a  water  bath) ;  he  then  filled  the  flask  up  to  the  mark 
with  water.    In  this  manner  two  layers  of  Uquid  were  obtained,  the  heavy  saline  solution 
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of  liijuirls  in  water/"  just  as  happens  in  the  combination  of  substances 
when  evidently  new  sul>stanoes  are  produced.'"  The  contraction  wliich 
takes  place  in  solution  is,  however,  very  smali,  a  fact  which  depends  on 
the  small  compressibility  of  snlids  and  liquids,  and  on  the  insignificance 
of  the  ctimpressing  force  acting  in  solution.*''  The  change  of  volume 
which  takes  place  in  the  solution  of  solids  and  liquids,  or  the  altera- 
tion in  specific  gravity  '^  corresponding  with  it,  depends  on  peculiari- 
ties of  the  dissolving  substances,  and  of  water,  and,  in  the  majority 
of  oases,   is  not  pruportional  to  the  quantity  of  the  substance  dis- 

helow  aiiil  wsliir  abovs.  The  flssk  was  tbvn  shaken  in  order  la  accrlscnt^  dilTuflian.  and 
it  wu  ohnurred  that  the  volume  became  leas  if  tlie  teniperatare  remamed  coniilanC. 
This  citn  be  proved  by  salculation.  if  the  ipeoifle  Biavily  of  Uie  solutiooa  and  w»ler  be 
known.  Thai  at  1S°  one  c.c.  of  a  30  pjs.  eolation  of  common  salt  weighi  I'lSOO  gnoa, 
beoce  100  grams  occupy  a  toIdido  of  (M-Dfl  c.c.  As  the  «p,gr.  of  water  at  lE°  =  0'9t>B16, 
therefore  100  grams  of  water  occnpy  a  volume  of  loO'DS  c.c.  The  sam  ol  the  volames  is 
187*04  c.c.  On  mixing,  30()  gnunaof  a  10  p.c.  aolatinn  are  obtained.  Ita  apeci lie  gravity  is 
I'0T2G  (at  IE"  and  referred  to  water  at  its  moiimnm  densiljf),  hence  the  WO  grama  will 
oocopj  a  volume  of  18tl-4a  c.o.    The  conliactiou  ia  conseqiiontly  equal  to  0*M  c.c. 

*"  The  contractions  prodDOed  in  the  case  of  the  solotion  of  anlphnrio  acid  in  Water 
are  shown  in  the  diagram  Pig.  17  (page  7fi).  Their  maiimom  ia  lO'l  c.c.  per  100  c.c.  of 
the  BUlution  lonned.  A  maximnm  contraction  ot  I'lS  at  0°,  8*7S  at  15^,  and  S'RO  at  S0°, 
tak««  place  in  the  solntion  of  46  parts  by  weight  of  anhydraun  oloohol  in  SI  parts  at 
water.  This  signiHes  that  if,  at  0°,  46  parts  by  weight  of  alcohol  bu  taken  per  14  parts  by 
weight  ol  water,  then  the  aum  of  tlieic  separate  volnmes  will  be  11)4*15,  and  aftur  mixing 
their  toUl  volume  will  he  lOO. 

*'  This  subject  will  be  considered  later  in  this  work,  and  we  shall  tlieu  see  that  the 
contraction  produced  in  reactions  ol  combination  (of  solids  or  liqoids)  is  very  variable 
in  ilH  amount,  and  that  tliere  ore,  although  very  rare,  reaotions  of  oombination  in  which 
oontraction  does  not  take  place,  or  when  an  increase  of  volome  is  produced. 

"  The  compressibility  of  solutions  of  common  suit  is  lese,  according  to  Orsaai,  than 
It  of  water.  At  IS"  tlie  compresHiou  of  nuter  t>er  million  volumes  —  4M  vols,  for  a 
atmosphere;  tor  a  IS  p.c.  solution  of  ronunon  salt  it  is  Ha,  and  for  a 
_  H  pj:.  solntion  SU  vols.  Similar  determinations  were  tmule  by  Brown  (1887)  for  saturated 
•Olntions  of  wJ  ammoniac  (SB  vols.},  alum  (40  vole.),  common  aalt  (9T  vols.),  and  sodium 
■ulpliate  at  + 1°,  when  the  oompreasibility  of  water  oi  47  per  million  volnmes.  This  invea. 
tigator  also  showed  that  substances  which  dissolve  with  an  evolution  of  beat  and  with  an 
iuoreaae  in  volume  (as,  for  instance,  sal -ammoniac)  are  partially  separated  from  theii 
saturated  solutions  by  an  iucreaae  of  pressure  (this  eiperinieut  was  especially  convincing 
in  the  caae  of  ■al-ammoniao),  wbilat  the  solubility  of  sabstaaces  which  dissolve  wttb  an 
absorption  of  heat  or  diminutioo  in  volume  increases,  although  very  slightly,  with  an 
inemuK  of  preuure.     Sorbj  observed  the  same  phenomenon  with  common  salt  |1S«B). 

*>  The  most  tmslworthy  data  relating  to  the  variation  ot  the  specific  gravity  of 
sol ations  with  a  change  of  tlieir  composition  and  temperatare,  are  collected  and  discuBsed 
in  my  work  cited  in  footnote  10,  The  practical  (tor  the  amount  of  a  eubstance  in 
■cdetion  is  determined  by  the  aid  of  the  sjwciBc  gravities  of  solotions,  both  in  works  and 
in  Uboratory  practice)  and  the  theoretical  (for  speviflc  gravity  can  be  more  acauralely 
observed  than  other  properties,  and  because  a  variation  in  speciQo  gravity  governs  the 
variation  of  many  other  properties)  interest  ot  this  subject,  besides  the  strict  rule*  and  laws 
to  which  it  is  liable,  make  one  wiab  that  this  provinue  ot  data  concerning  soln^ona 
mqr  soon  be  enriched  by  further  observatiotis  of  as  accurate  a  nature  as  pussible.  Their 
1  does  not   preaenl   any  great  diificulty,   although  requiring  much   time  and 
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Bolved,'''  sbowiog  the  existence  of  a  chemical 
and  the  substance  disEolved  which  is  of  the  i 
fomis  of  chemical  relation.'*'' 

Although  an  alteration  of  the  external  preiisure  does  not  usually 
decompose  solutions  of  solids,  nevertheless  the  feeble  development  of 

"  InusmucU  h*  the  degree  of  change  eihibited  in  niunj  propertien  on  the  formiition  uf 
sululiona,  ie  not  large,  so,  o»ing  to  the  inaudieient  aocnruty  of  obnervolionB,  ft  proporlion- 
nlity  hetweett  this  chiknge  and  a  change  of  composition  nuy,  in  a  fint  loagh  appraiimation 
and  egpeoially  within  nurow  limita  of  change  oF  compoaition,  euilyhe  imagined  in  caHH 
where  it  doeu  not  even  exi*t.  The  conclnsioit  of  Michel  and  Eiaft  is  pftrti(>ab.r1]f  instruo- 
tivs  in  thin  resp«at ;  in  1HS4,  on  the  bftaia  of  their  incomplete  lesearchua,  they  auppoeed 
the  increment  of  the  specific  gravity  of  aolntiona  to  he  proportional  to  the  incnsmeDt  o( 
a  salt  in  a  gicen  volume  of  a  solntion,  which  is  only  true  for  detenniaatians  of  speaifio 
gravity  which  are  exact  to  llie  second  decimal  place — an  accuracy  insoffioient  even  for 
lechnioal  deteiminations.  Acoumte  meaaurementa  do  not  confirm  a  proportionality 
either  in  this  case  or  in  many  otliara  where  »  ratio  has  been  generally  accepted  ;  as,  for 
vxajuple,  for  the  rotatory  power  (with  reEpeot  to  the  plane  of  polarisation)  of  BoluUons,and 
for  their  capillarity.  &e,  Xcvertheleas,  snch  a,  metliod  is  not  only  still  made  use  of,  but 
even  has  its  advantages  when  applied  to  aolntinna  within  a  limited  scope — as.  for  instance, 
very  weak  aolotions,  and  for  a  fir«t  acquaintance  witli  the  phenomena  accompanying 
solution,  and  also  aa  a  means  (or  facilitating  the  application  of  mathematical  snalyaia  to 
the  inyestigation  of  the  phenomenon  of  solntion.  Judging  bythe  reaulta  obtained  in  my 
researches  on  the  apecifie  gravity  of  ttolutiona,  I  think  that  in  many  cases  it  would  be 
neater  tlie  truth  to  tolce  the  change  of  propprtiea  na  proportional,  not  to  the  amount  of  a 
■ubstance  dissolved,  bot,  lo  the  product  of  this  quantity  and  the  amount  of  water  in 
which  it  isdissolved;  all  the  more  ao  na  many  chemical  relations  vary  in  proportion  to 
the  reacting  masses,  and  a  aimllar  ratio  haa  been  eatablislied  fur  many  phenomena  of 
attraction  tludied  by  niBohanicB.  This  product  is  eaaily  ajrived  at  when  the  yuantity  of 
water  in  the  eolntions  to  be  compared  ia  constant,  as  is  shown  in  investigating  the  fall  of 
temi>erature  in  the  formation  of  Ice  (t»  footnote  1»,  p.  90). 

"  Alllhe  different  forms  of  uheniiool  renctioii  may  be  said  to  take  place  in  the  process 
of  solution.  (1)  Combiniilioiii  between  the  solvent  and  the  substance  dissolved,  which 
are  more  or  less  stable  (more  or  less  disaodaled).  This  form  uf  reaction  is  the  most 
probable,  and  is  that  most  often  obnerved.  (9)  Reactions  of  »ilii(i'rK(uiii  or  ot  tloubta 
deeompotilioa  between  the  mnleculea.  Thua  it  may  bo  supposed  that  in  the  solution  of 
sal-ammoniac,  NH,CI.  the  action  ot  water  produces  ammonia.  NH4HO.  and  hydrochloria 
acid,  UCI,  which  are  dissolved  In  the  water  and  Himu1tsneoa»ly  attract  eauh  other.  As 
these  ttolutiona  and  many  others  do  indeed  exhibit  aigns  which  are  sometimes  indispu- 
table of  similar  double  decompasitions  (thus  eolntions  ot  sal-ammuiuac  yield  a  certain 
amount  of  ammonia),  it  is  probable  that  this  form  ot  reaction  is  more  often  met  with 
than  ia  generally  thought.  (S)  Reactions  ot  MoinErHDi  or  replaeeinfur  are  alao  probably 
met  with  in  solution,  all  the  more  as  here  moleculeaof  different  kinds  come  into  intimate 
contact,  and  it  ia  very  likely  that  the  configuration  of  the  atoms  in  the  mulecnlea  nnder 
these  influences  is  somewhat  dillerE-Dt  from  what  it  was  in  its  original  and  isolntud 
■tate.  One  is  led  to  this  auppoaitien  especially  from  observations  made  on  solutions  ol 
aubstances  which  rotate  the  plane  of  polarisation  (and  obHervBtionB  of  this  kind  are  very 
eensitive  with  respect  to  the  atomic  atructnre  ot  molocoles),  because  they  show,  for 
mumple  |avcurding  to  Schneider,  1B81),  that  strong  aolutions  of  malic  acid  rotate  the 
plane  of  iiolarlsalion  to  tlie  right,  whilst  its  ammonium  aaJta  in  all  degrees  of  concentra- 
tion route  the  plane  ul  polarisation  to  the  left.  <4)  Reactions  of  ileeomponliim  under 
the  inllavnues  ot  sulBtion  are  not  only  rational  of  themaelves,  but  have  in  recent  years 
been  recoguiaed  by  Arrhenius,  Oatwald,  and  others,  particularly  on  the  basis  of  eleotro- 
lytical  detennlnaUons.  II  a  portion  of  the  molecules  ot  a  solution  occur  in  a  condition  ol 
(jocompoaition,  the  other  portion  may  occar  In  a  yet  more  complex  atute  ol  combination, 
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the  chemical  affinities  acting  in  solutions  of  solids  becomes  evident 
from  those  multifarious  methods  hy  which  their  solutions  are  decom- 
posed, whether  they  be  saturated  or  not.  On  heating  (absorption  of 
heat),  on  cooling,  and  by  internal  forces  alone,  aqueous  solutions  in 
many  cases  separate  into  their  components  or  their  definite  com- 
pounds. The  water  contained  in  solutions  is  removed  from  them 
as  vapour,  or,  by  freezing,  in  the  form  of  ice,^®  but  the  tensioti  of  the 
vapour  of  tvater  '*^  held  in  solution  is  less  than  that  of  water  in  a  free 

jast  as  the  velocity  of  the  movement  of  different  gaseous  molecules  may  be  far  from 
being  the  same  {see  Note  84,  p.  80). 

It  is,  therefore,  very  probable  that  the  reactions  taking  place  in  solution  vary  both 
quantitatively  and  qualitatively  with  the  mass  of  water  in  the  solution,  and  the  great 
difficulty  in  arriving  at  a  lasting  decision  on  the  question  as  to  the  nature  of  the  chemical 
relations  which  take  place  in  the  process  of  solution  will  be  understood,  and  if  besides 
this  the  existence  of  a  physical  process,  like  the  sliding  between  and  interpenetration  of 
two  homogeneous  hquids,  be  also  recognised  in  solution,  then  the  complexity  of  the 
problem  as  to  the  actual  nature  of  solutions,  which  is  now  to  the  fore,  appears  in  its 
true  light.  However,  the  efforts  which  are  now  being  applied  to  the  solution  of  this 
problem  are  so  numerous  and  of  such  varied  aspect  that  they  will  offer  the  coming 
investigators  a  vast  mass  of  material  towards  the  construction  of  a  complete  theory  of 
solution. 

For  my  part,  I  think  that  the  study  of  the  physical  properties  of  solutions  (and 
especially  of  weak  ones)  which  now  reigns,  cannot  give  any  fundamental  and  complete 
solution  of  the  problem  whatever  (although  it  should  add  much  to  both  the  provinces  of 
physics  and  chemistry),  but  that,  parallel  with  it,  should  be  undertaken  the  study  of  the 
influence  of  temperature,  and  especially  of  low  temperatures,  the  application  to  solu- 
tions of  the  mechanical  theory  of  heat,  and  the  comparative  study  of  the  chemical  pro- 
perties of  solutions.  The  beginning  of  all  this  is  already  established,  but  it  is  impossible 
to  consider  in  so  short  an  exposition  of  chemistry  the  further  efforts  of  this  kind  which 
have  been  made  up  to  the  present  date. 

♦•  If  solutions  are  regarded  as  being  in  a  state  of  dissociation  («ee  footnote  19,  p.  64)  it 
would  be  expected  that  they  would  contain  free  molecules  of  water,  which  form  one  of  the 
products  of  the  decomposition  of  those  definite  compounds  whose  formation  is  the  cause 
of  solution.  In  separating  as  ice  or  vapour,  water  makes,  with  a  solution,  a  heteroge- 
neous system  (made  up  of  substances  in  different  physical  states)  similar,  for  instance, 
to  the  formation  of  a  precipitate  or  volatile  substance  in  reactions  of  double  decom- 
position. 

*''  If  the  substance  dissolved  is  non-volatile  (like  salt  or  sugar),  or  only  slightly  volatile, 
then  the  whole  of  the  tension  6(  the  vapour  given  off  belongs  to  the  water,  but  if  a 
solution  of  a  volatile  substance — for  instance,  a  gas  or  a  volatile  liquid — evajwrates,  then 
only  a  proportion  of  the  pressure  belongs  to  the  water,  and  the  whole  pressure  observed 
<K>nsist8  of  the  sum  of  the  pressures  of  the  vapours  of  the  water  and  of  the  substance 
dissolved.  The  majority  of  researches  bear  on  the  first  cose,  which  will  be  spoken  of 
presently,  and  the  observations  of  D.  P.  Konovoloff  (1W81)  refer  to  the  second  case.  He 
showed  that  in  the  case  of  two  volatile  liquids,  mutually  soluble  in  each  other,  forming 
two  layers  of  saturated  solutions  (for  example,  ether  and  water,  note  '20,  p.  66),  both  solu- 
tions have  an  equal  vapour  tension  (in  the  case  in  point  the  tension  of  both  is  e<]ual  to 
481  mm.  of  mercury  at  19"8^).  Further,  he  found  that  for  solutions  which  are  formed 
in  all  proportions,  the  tension  is  either  greater  (solutions  of  alcohol  and  water)  or  less 
^solutions  of  formic  acid)  than  that  which  answers  to  the  rectilinear  change  (proportional 
to  the  comi)osition)  from  the  tension  of  water  to  the  tension  of  the  substivnce  dis- 
solved ;  thus  the  tension,  for  example,  of  a  70  p.c.  solution  of  formic  acid  is  less,  at  all 
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$ta^ti\  Ami  M*'  trmftfrtUure  of  the  formation  of  ice  from  solutions  is  lower 
iKs^n  0"\  Further,  botli  the  diminution  of  vapour  tension  and  the 
kk>fc^Hrttur  of  the  freezing  point  proceed,  at  least  in  dilute  solutions, 
AluH^f  in  pi\>f>ortion  to  the  amount  of  a  substance  dissolved."***  Thus, 
if  i^er  100  gnuns  of  water  there  be  in  solution  1,5,  10  grams  of  common 
»Ut  ^NaCI),  then  at  100°  the  vapour  tension  of  the  solutions  decreases 
hv  4^  :?l,  43  nun.  of  the  barometric  column,  against  760  mm.,  or  the 
TnjHHir  tension  of  water,  whilst  the  freezing  points  are  —0-58°,  —2-91°, 
iMui  —iMO"'  n»s[)ectively.     The  above  figures  ^'-^  are  almost  proportional 

Wttii^mtun^m  Umn  the  tension  of  water  and  of  formic  acid  itself.  ThuB,  in  this  case  the 
lMi«U«vn  i^  A  »i>hition  is  never  equal  to  the  sum  of  the  tension  of  the  dissolving  liquids,  as 
R«i;nAull  «dr«^^dy  showed  when  he  distinguished  this  case  from  that  in  which  a  mixture 
*i|  )t^uull^  which  are  insoluble  in  ecujh  other,  evaporates.  From  this  it  is  evident  that  a 
vnuluiil  Action  tx^curs  in  solution,  which  diminishes  the  vapour  tensions  proper  to  the 
ilKltvuUiiil  Hubstances,  as  would  be  expected  on  the  supposition  of  the  formation  of  coni- 
IHmiulu  af  the  dissolving  substances  in  solutions,  because  the  elasticity  then  always 
diiuiutAhtHt. 

*•  Thii»  amount  is  usually  expressed  by  the  weight  of  the  substance  dissolved  per  100 
|vi^riM  by  weight  of  water.  Probably  it  would  be  better  to  express  it  by  the  quantity  of 
Ihv  iiul>Kt«nce  in  a  definite  volume  of  the  solution — for  instance,  in  a  litre.  I  speak  in 
(Wtiul  of  the  different  methods  of  expressing  the  composition  of  solutions  in  the  work 
m«ntioued  in  note  111,  p.  64. 

^  The  variation  of  the  vapour  tension  of  solutions  has  been  investigated  by  many. 
Th*best  known  researches  are  those  of  Wiillner  (1858-1860)  and  of  Tammaii  (1887).  The 
nNMMrches  on  the  temperature  of  the  formation  of  ice  from  various  solutions  are  also 
v«ry  numerous ;  Blagden  (1788),  Riidorff  (1861),  and  De  Coppet  (1871)  established  the 
iMl^inning,  but  this  kind  of  investigation  takes  its  chief  interest  from  the  work  of 
H*ouIt,  begun  in  1882  on  aqueous  solutions,  and  afterwards  continued  for  solutions  in 
viurioUM  other  easily-frozen  liquids — for  instance,  benzene,  C^jH^  (melts  at  4*96°),  acetic 
•u.nd,  CaH403  (1675°),  and  others.  An  especially  important  interest  is  attached  to  these 
investigations  of  Raoult  on  the  lowering  of  the  freezing  point,  because  he  took  solutions 
of  many  well-known  carbon-compounds  and  discovered  a  simple  relation  between  the 
molecular  weight  of  the  substances  and  the  temperature  of  crystallisation  of  the 
solvent,  which  enabled  this  kind  of  research  to  be  applied  to  the  investigation  of  the 
nature  of  substances.  We  shall  meet  with  the  application  of  Raoult's  results  later  on, 
»nd  at  present  will  only  cite  the  deduction  arrived  at  from  these  results.  The  solution 
of  one-hundredth  part  of  that  molecular  gram  weight  which  corresponds  with  the  formula 
of  a  substance  dissolved  (for  example,  NaCl  =  58'5,  C.2H60  =  46,  &c.)  in  100  parts  of  a 
solvent  lowers  the  freezing  point  of  its  solution  in  water  0*185°,  in  benzene  049^,  and  in 
Acetic  acid  0*39^,  or  twice  as  much  as  with  water.  And  as  in  weak  solutions  the  fall  of  freezing 
point  is  proi>ortional  to  the  amount  of  the  substance  dissolved,  it  follows  that  the  fall  of 
freezing  point  for  all  other  solutions  may  be  calcuinted  from  this  rule.  So,  for  instance, 
the  weight  which  corresponds  with  the  formuin  of  acetone,  CsH^O,  is  58 ;  a  solution  con- 
taining 2*42,  622,  and  12*35  grams  of  acetone  per  100  grams  of  water  forms  ice  (according 
to  the  determinations  of  Beckmann)  at  0*770°,  1*930°,  and  8*820°,  and  these  figures  show 
that  with  a  solution  containing  0*58  grams  of  acetone  i>er  100  of  water  the  fall  of  the 
temperature  of  the  formation  of  ice  will  be  0*185°,  0*180  ,  and  0179^.  It  must  be 
remarked  that  the  law  of  proportionality  between  the  fall  of  temperature  of  the  forma- 
tion of  ice,  and  the  composition  of  a  solution,  is  in  general  only  approximate,  and  is  only 
applicable  to  w^ak  solutions. 

We  will  here  remark  that  the  theoretical  interest  of  this  subject  was  strengthened 
on  the  discovery  of  the  connection  existing  between  the  fall  of  tension,  the  fall  of  the 
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to  the  amounts  of  salt  in  solution  (1,  5,  and  10  per  100  of  water). 
Furthermore,  it  has  W.ea  shown  by  experiment  that  the  ratio  of  the 
diminution  of  vapour  tension  to  the  vapour  tension  of  water  itt  difierent 
temperatures  in  a  given  solution  is  au  uluiost  constant  quantity,^"  and 


M  of  the  ton 
»Dilui'tivi[y 


re,  of  ofiit 


'.W  pressure  |  V'un't  HoS.  note  III),  and  of  Lh« 
]  will  tUerefor^  saiiplenifnl  whnt  we  luve 
stnarks  t>ii  Ibe  method  of  iniuitigiitiiiB  the 


subject  by  some  short  i 
ihenomentni,  und  on  itii  theralical  leeultH. 

In  order  to  deteimine  the  lemperatutv  of  the  farmalimi  of  icf  (oc  of  orystaUiaation 

of  other  aolvenlH),  ■  knowu  solution  ia  prepued  uid  poured  into  a  i^yUndricitl  TesBel 

■nrrounded  by  t,  oecoud  ■itoilar  vesBel,  leaving  n  layer  ol  air  between  the  two,  which, 

ng  a  bad  conductor,  preveuti  any  rapid  change  of  Mmpenitare,    The  balb  of  a  senai- 

i  and  eoirected  thermometer  is  imiuerBsd  in  the  eolation,  aud  alan  a  bent  platinum 

■B  lot  atirring  the  solution  ;  the  whole  in  then  cooled  (by  immersing  tile  apparatus  in  a 

axing  miitnre).  aod  tlie  (eiDper»tare  at  whioli  ice  begins  to  separate  obaerved.     U  the 

letoperatare  at  Brat  fnJla  slightly  lower,  neverthelesn,  it  becoineB  conatant   when  ic« 

b^ins  to  lorm.     By  then  allowing  the  liquid  Co  get  JDst  wnnti.  and  then  a^ain  observing 

the  lemperatnie  of  the  foitnatbo  of  ice,  an  exact  determinHliou  may  be  arrived  at.    If 

a  large  mase  of  solution,  tha  formation  of  the  first  cryilals  may  be  accelerated 

by  dropping  a  ■mal!  Inmp  of  ice  into  the  solution  already  (lartially  over-cooled.    Thi« 

only  impfroeptibly  changeu  the  uomtHJsition  of  the  eolation.    The  observation  ahoald  be 

Lt  the  pomt  of  formation  of  only  a  very  small  amount  of  crystals,  as  otliecwise  tlie 

CompMitioB  oT  tlie  solution  will  become  altered  from  their  lepu-ation.    Every  precaution 

vert  the  access  of  moisture  to  the  interior  of  the  apparatus,  wllieh 

might  also  alter  the  composition  ol  the  solution  or  properties  of  the  solvent  (!ur  instance, 


when  I 


icid). 


The  very  great  theoreljcal  interest  of  these  observations  on  the  fall  of  the  tempera. 

tnre  of  the  formation  of  ice,  which  are  esseDtially  very  simple,  dates  from  the  time  when 

Van't  Hoff  (note  lU)  showed  that  their  consequences  are  in  complete  accord  with  those 

derived  from  observations  on  osmotic  pressure.     These  latter  showed  that  a  molecular 

(Uplesaed  by  lommlael  quantity  of  a  substance  evinces  an  osmotic  preasure  in  a  soln- 

lion,  wliicb  is  equal  to  the  almospheric  pressure  (when  i  =  1),  or  which  is  greater  than  it 

byi  times.   The  magnitude  i,  determined  from  osmotic  abservations  onaqneons  solutions, 

il  •]»  obtained  from  observations  on  the  fall  of  the  temperature  of  the  formation  of  ice, 

it  the  fall  corresponding  with  a  solntiou  containing  I  gram  of  a  substancs  per  100  parts 

iter  be  uinltiplied  by  the  molecular  weight  (according  te  the  formula  of  the  spbiitaUDe, 

d  expressing  the  weight  of  a  molecule)  of  the  substance  dissolved,  and  divided  by 

[   18*5.    Thus  from  the  above  data  for  acetone,  it  is  seen  that  with  a  solution  containing 

Lin,  the  tall  of  temperature  ol  the  formation  ol  ice  equals  O-iW,  and  after  multiply- 

I  ingby  the  molecular  weight  (S8),  and  dividing  by  IS-G,  we  have  i^  1.    With  sugar  and 

ly  other  rabslaiices  lamong  salte,  magneuum  sulphate,  for  instanoe),  with  carbonio 

de,  £c,,  both*  methods  give  a  figure  which  is  nearly  unity.    For  patatsium  and 

a  chlorides,  potasiuum  iodide,  nitre,  and  olheis,  i  is  greater  Uiau  1  but  less  than 

I  9;  tor  Sdlphoric  and  hydrochoric  acids,  sodium  uud  calcium  nitrates,  and  otlien,  >  is 

|i  Marty  9;  tor  solutions  of  barium  and  magnesium  chlorides,  potassium  carbonate  and 

I  diohiomate,  t,  according  to  both  methods,  is  greater  than  a  but  less  than  H.    The  further 

jis  sDbject  should  show  whether  these  i-'oiielusious  are  entirely  general, 

[,  and  would  probably  explain  better  than  they  do  now  those  remarkable  correlations 

\  akieh  are  arrived  at  with  the  present  data. 

"  This  fact,  which  was  established  by  Gay-Lussso,  Piinsep,  and  v.Bsbo,  ia  confirmed 
I'tiy  the  latest  obserk-ations,  and  enables  us  to  express  not  only  the  fall  of  tension  (^-ji') 
t'tlHU,  but  iU  ratio  to  the  tension  ol  water  {j'~^\    It  is  to  be  remarked  that  iu  the 
nt  any  chemical  action,  the  tall  of  tension  is  either  very  amaU,  or  does  not 
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that  for  every  (dilute)  solution  the  ratio  between  the  diminution  of  vapour 
tension  and  of  the  freezing  point  is  also  a  sufficiently  constant  quantity.''' 

The  diminution  of  the  vapour  tension  of  solutions  explains  the  rise 
in  boiling  point  through  the  solution  of  solid  non- volatile  bodies  in 
water.  The  temperature  of  a  vapour  is  the  same  as  that  of  the  solu- 
tion from  which  it  is  generated,  and  therefore  it  follows  that  the 
aqueous  vapour  given  off  from  a  solution  will  be  superheated.  A 
saturated  solution  of  common  salt  boils  at  108*4°,  a  solution  of  335 
parts  of  nitre  in  100  parts  of  water  at  115-9°,  and  a  solution  of  325 
parts  of  potassium  chloride  in  100  parts  of  water  at  179°,  if  the  tempera- 
ture of  ebullition  be  determined  by  immersing  the  thermometer  bulb  in 
the  liquid  itself.  This  is  another  proof  of  the  bond  which  exists  between 
water  and  the  substance  dissolved.  And  this  bond  is  seen  still  more 
clearly  in  those  cases  (for  example,  in  the  solution  of  nitric  or  formic 
acid  in  water)  where  the  solution  boils  at  a  higher  temperature  than 
either  water  or  the  volatile  substance  dissolved  in  it.  For  this  reason 
the  solutions  of  certain  gases  -for  instance,  hydriodic  or  hydrochloric 
acid — boil  above  100°. 

The  separation  of  ice  from  solutions  "^^  explains  both  the  phenome- 
non, well  known  to  seamen,  that  the  ice  formed  from  salt  water  gives 
fresh  water,  and  also  the  fact  that  by  freezing,  just  as  by  evaporation, 
a  solution  is  obtained  which  is  richer  in  salts  than  before.  This  is 
taken  advantage  of  in  cold  countries  for  obtaining  a  liquor  from  sea- 
water,  which  is  then  evaporated  for  the  extraction  of  salt. 

On  the  removal  of  part  of  the  water  from  a  solution  (by  evaporation 
or  the  separation  of  ice),  there  should  be  obtained  a  saturated  solution, 
and  then  the  substance  dissolved  should  separate  out.  Solutions  satu- 
rated at  a  certain  temperature  should  also  separate  out  a  coiresponding 
part  of  the  substance  dissolved  if  they  be  reduced,  by  cooling,'^  to  a 

exist  at  all  (note  83),  and  is  not  proportional  to  the  quantity  of  the  substance  added.  As 
a  rule,  the  tension  is  then  equal,  according  to  the  law  of  Dalton,  to  the  sum  of  the 
tensions  of  the  substances  taken.  Therefore,  liquids  which  are  insoluble  in  each  other 
(for  example,  water  and  chloride  of  carbon)  present  a  tension  equal  to  the  sum  of  their 
individual  tensions,  and  therefore  such  a  mixture  boils  at  a  lower  temperature  than  the 
more  volatile  liquid  (Magnus,  Regiiault). 

^*  If,  in  our  example,  the  fall  of  tension  be  divided  by  the  tension  of  water,  a  figure  is 
obtained  which  is  nearly  105  times  less  than  the  magnitude  of  the  fall  of  temperature  of 
formation  of  ice.  This  correlation  was  theoretically  deduced  by  Goldberg,  on  the  basis 
of  the  application  of  the  mechanical  theory  of  heat,  and  is  repeated  by  many  investigated 
solutions. 

^*  Fritzsche  showed  that  solutions  of  certain  colouring  matters  yield  colourless  ice, 
which  clearly  proves  the  passage  of  water  only  into  a  solid  state,  without  any  inteniiix- 
ture  of  the  substance  dissolved,  although  the  possibility  of  the  admixture  in  certain  other 
cases  cannot  be  denied. 

^'  As  the  solubility  of  certain  substances  (for  example,  conine,  cerium  sulphate,  and 
others)  decreases  with  a  rise  of  temperature  (between  certain  limits — see,  for  example, 
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tempeiTiture  at  which  the  water  can  no  longer  hold  the  former  quantity 
of  the  substance  in  solution.     If  this  separation,  by  cooling  a  satumted    i 
solution  or  by  ei-aporation,  take  place  slowly,  cvj/gtaln  of  the  substance    ] 
dissolved  are  in  many  ca.ses  formed  ;  and  this  is  the  metlkod  by  which    I 
crystals   of  soluble  snlts  are  usually  obtained.      Certain  Bolida  very    1 
easily  separate  out  from  tlieir  solutions  in  perfectly -formed  crystals, 
which  may  attain  very  large  dimensions.     Such  are  nickel  sulphate, 
alum,  sodium  carbonate,  chrome-alum,  copper  sulphate,  potassium  ferri- 
cyanide,  and  a  whole  series  of  other  salts.    The  most  remarkable  circuni- 
atance  in  thiii  is  that  many  solids  in  separating  out  from  an  aqueous 
Holution  retain  a  portion  of  water,  forming  L-rystallised  solid  substances 
which  contain  water.    A  portioti  of  the  water  previously  in  the  solution    I 
remains  in  the  (separated  crystals.     The  water  which  is  thus  retained 
is  called  the  rraler  of  eryiilaUigation.     Alum,  copper  sulphate,  Glauber's    I 
■alt,  and  niagiieaiura  sulphate  contain   such  water,  but  neither  sal-    i 
ammoniac,  nor  taljle  salt,  nor  nitre,  nor  potassium  chlorate,   nor  silver    ' 
nitrate,  nor  sugar,  contains  any  water  of  crystallisation.     One  and  the    I 
aame  substance  may  separate  out  from  a  si>lution  with  or  without  water    i 
of  crystallisation,  according  to  the  temperature  at  which  the  crystals  are    I 
formed.     Thus  common  salt  in  crystallising  from  lis  solution  in  water 
at  tlie  ordinary  or  a  higher  temj-emture  does  not  contain  water  of 
cryBtallisation.     But  if  its  separation  from  the  solution  takes  place  at 
a  low  temperature,  namely  l)elow  —5°,  then  the  crystals  contain  38 
parts  of  water  in  100  parts.     Crystals  of  the  same  substance  which 
separate  out  at  different  temperatures  may  contain  difierent  amounts 
of  water  of  crystallisation.     This  pmvesto  us  that  a  solid  dissohed  in 
vater  may  form  various  compounds  with  it,  difiering  in  their  pi-operties 
and  composition,  and  capable  of  appearing  in  a  solid  separate  form  like 
many  ordinai-y  definite  compounds.     This  is  indicated  by  the  numerous 
properties  and  phenomena  connected  with  solutions,  anil  gives  reason 
for  thinking  that  there  exist  in  solutions  themselves  such  compounds  of 

DoteiM),  BO  tli«6et>ub8UD»Bdonot  Bepanl«  from  Iheir  utnrBled  aolutioiiB  on  cuoliog 
bat  on  letting.   Thae  a  nolnlion  nf  muiigtiiieaH  sulplintc.  «i  turn  ted  itt  70°,  beuuties  doudf    I 
cm  farther  heating.     The  point  at  vhich  •  eubstuite  eeparateg  from  itx  solution  with  •     i 
■hange  ol  IflmpErnture  gives  an  euy  means  of  determiiiiDg  the  co-efficient  of  solnbiJity, 
and  Uiia  wae  Ulwn  Advantage  of  bjProf.  AleieeS  for  determining  tlie  Bolabilily  of  man]'     i 
.    The  phenomeuon  and  method  of  observntion  in  here  eeHenliaUy  the  sama     i 
elemiinalioQ  of  tlie  temporatore  of  formation  of  ice.     If  a  noJution  of  a  eub- 
L'li  ^vpiirntas  out  on  beating  be  taken  |for  example,  the  itatpliate  of  o&leiiun 
t-~i>i.  llien  al  a  eertain  fall  of  temperature  ice  irill  veporate  out  from  it.  and  at 
iuc  nf  Wmiierature  the  aalt  will  wparate  out.     From  this  eiainple,  and  from 
mideralione,  it  i)  clear  that  the  «eparatioti  of  a  substance  dissolved  from  a 
lould  present  a  certaiti  analogy  to  the  separation  of  ice  from  a  solation.     In 
a  helerogeneODB  system  of  a  solid  and  a  liquid  is  formed  from  a 
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the  substance  dissolved,  and  the  solvent  or  compounds  similar  to  them, 
only  in  a  liquid  partly  decomposed  form.  Even  the  colour  of  solutions 
may  often  confirm  this  opinion.  Copper  sulphate  forms  crystals  having 
a  blue  colour  and  containing  water  of  crystallisation.  If  the  water  of 
crystallisation  be  removed  by  heating  the  crystals  to  redness,  a  colour- 
less anhydrous  substance  is  obtained  (a  white  powder).  From  this  it 
may  be  seen  that  the  blue  colour  belongs  to  the  compound  of  the  copper 
salt  with  water.  Solutions  of  copper  sulphate  are  all  blue,  and  con- 
sequently they  contain  a  compound  similar  to  the  compound  formed  by 
the  salt  with  its  water  of  crystallisation.  Crystals  of  cobalt  chloride 
when  dissolved  in  an  anhydrous  liquid— like  alcohol,  for  instance — give 
a  blue  solution,  but  when  they  are  dissolved  in  water  a  red  solution  is 
obtained.  Crystals  from  the  aqueous  solution,  according  to  Professor 
Potiiitzin,  contain  six  times  as  much  water  (CoCljjBHgO)  for  a  given 
weight  of  the  salt,  as  those  violet  crystals  (CoC1.2,H20)  which  are  formed 
by  the  evaporation  of  an  alcoholic  solution. 

That  solutions  contain  particular  compounds  with  water  is  further 
shown  by  the  phenomena  of  supersaturated  solutions,  of  so-called  cryo- 
hydrates,  of  solutions  of  certain  acids  having  constant  boiling  points, 
and  the  properties  of  compounds  containing  water  of  crystallisation 
whose  data  it  is  indispensable  to  keep  in  view  in  the  consideration  of 
solutions. 

The  phenomenon  of  supersaturated  solutions  consists  in  the  follow- 
ing : — On  the  refrigeration  of  a  saturated  solution  of  certain  salts, "^^ 
if  the  liquid  be  brought  under  certain  conditions,  the  excess  of  the  solid 
may  sometimes  remain  in  solution  and  not  separate  out.  A  great 
number  of  substances,  and  especially  sodium  sulphate,  Na2S04,  or 
Glauber's  sail,  easily  form  supersaturated  solutions.  If  boiling  water 
be  saturated  with  this  salt,  and  the  solution  be  poured  off'  from  any 
remaining  undissolved  salt,  and,  the  boiling  being  still  continued,  the 
vessel  holding  the  solution  be  well  closed  by  cotton  wool,  or  by  fusing  up 
the  vessel,  or  by  covering  the  solution  with  a  layer  of  oil,  then  it  will  be 
found  that  this  saturated  solution  does  not  separate  out  any  Glauber's 
salt  whatever  on  cooling  down  to  the  ordinary  or  even  to  a  much 
lower  temperature  ;  although  without  the  above  precautions  a  salt 
separates  out  on  cooling,  in  the  form  of  crystals  which  contain  water  of 

**  Those  salts  which  separate  out  with  water  of  crystallisation  form  supersaturated 
solutions  with  the  greatest  facility,  and  the  phenomenon  is  much  more  common  than 
was  before  imagined.  The  first  data  were  given  in  the  last  century  by  Loewitz,  in 
St.  Petersburg.  Numerous  researches  have  proved  that  supersaturated  solutions  do  not 
differ  from  ordinary  solutions  in  any  of  their  essential  properties.  The  variation  of 
specific  gravity,  vapour  tension,  formation  of  ice,  &c.,  take  place  according  to  the  ordinary 
laws. 
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crystallisation  to  the  amount  of  NftjSOjilOHjO — that  is,  180  parts  of 

I  'Water  for  142  purts  of  anhydrous  salt.     The  supt^rsaturated  sulution 

may  be  moved  about  iir  shaken  inside  the  vessel   holdiiig  it,  and  no 

crystnllisatiiiu  n-ill   take  plai.'e  ;  the  salt  remaios  in  the  solution  iii  as 

large  an  amnunt  as  at  a  Iiighet'  tein[>erature.     If  the  vessel  holding 

the  supersaturated  solution  be  opened  and  crystals  of  Glauber's  salt  be 

r  thrown  in,  crystallisation  suddenly  takes  place.*'     A  considerable  rise 

I  in  temperature  is  noticed  during  this  rapid  separation  of  crystals,  which 

is  explained  by  the  salt,  previously  in  a  liquid  state,  passing  into  a  solid 

ttat«,  by  which,  as  is  known,  latent  heat  is  evolved.      This  somewhat 

I  resemblcfl  the  fact  that  water  may  be  i;ooled  below  0°  (even  to  — 10°)  if 

[  it  be  left  at  rest,  under  certain  ciri^uni stances,  and   evoh'es  heat  in 

suddenly  crystallising.     Although  from  this  point  of  view  there  ia  a 

'  resemblance,  yet  in  reality  the  phenomenon  of  supersaturated  solutions 

I  is  much  more  complicated.     Thus,  on  cooliTig,  a  saturated  solution  of 

h  Glauber's  salt  deposits  crystals  containing  NajS0^,7H,0,^^  or  126  parts 

'  Inumuch  as  air,  *e  has  been  shoini  by  direct  experiment,  conlaius,  itlllionKh  in 
(OukU  qaantitiea,  tniniite  cryataJa  of  uUte,  and  unong  tliem  of  sodiam  BDlgiltiite,  ui 
HiRg  abaat  tlie  ccystaillisiitiim  of  it  BHtnrHtet)  eolntion  of  BOdinm  Baljihute  in  ui  apan 
il,  b&l  it  hMnoeSect  on  utnmted  solationa  nl  cert&in  other  uk'tD;  (or  euuuiila,  loul 
ike.  Acwordiiig  to  the  oliserviitianB  of  De  Boiebnadran,  Gemei,  uid  others,  inomor- 
!■  laltB  (ttnulogaus  in  eoni]iotutioD)  iirB  capable  of  evoking  cryatalliutiim.  Thai,  k 
I  «ap«T«iUDrkted  tmlmioD  of  nickel  solphate  luygtalliaes  by  contact  with  crystalB  of  tnl- 
it  other  metals  aniilcii[ans  to  it,  such  as  those  of  msgaesium,  cobalt,  oopper.  and 
The  crystallisation  of  a  supersaturated  solution,  brought  about  by  the  con- 
be  rryatal,  atarts  from  it  in  rays  with  a  deflnile  velocity,  and  it  is  evident 
I  Hut  the  oiyataU  as  thuy  form  propagate  the  crystalliBstion  in  deflnite  directions.  Thii 
I  phenomenon  recalls  the  evolution  of  ot^snisma  from  germs.  An  attraction  of  similar 
Ktlles  enanes,  and  they  diipote  themselves  indefinite  similar  forms, 
*  In  these  days  a  view  is  very  generally  accepted,  which  regards  superaatunited 
I  Nlntion*  oa  homogeneous  eyatema,  which  iuss  into  heterogeneoua  systems  (composed  at 
I  ■  liqoid  and  a  aolid  anbstanee).  in  all  reapecta  exactly  reaembling  the  passage  of  water 
»  freecing  point  into  ice  and  water,  or  the  passage  of  cryatala  of  rbominc 
I  anllAiU' into  niouocliniecTyatalB,andof  themonocltniccryatals  into  rhombic.  Although 
myphcBomeDa  □(  supenuUnratlon  are  thus  clearly  anderstood,  yet  the  gpontaneODs  foT- 
ation  ot  the  nuslable  hepU-hydraIedsalt(«ithTH,0).  in  the  [daoe  of  the  more  lUble 
Y  dHKljdraledsaltlwithmol.lOHiO),  indicates  a  property  of  a  aatonted  aolntion  of  sodinm 
wlijsh  obliges  one  to  admit  that  it  has  a  different  atmctnre  fonn  an  ordinary 
nlatkm.  Btcherbachefl  afflrma,  on  the  baaia  of  hia  rasearcbea,  that  a  aolution  of  the 
doaa-hydnted  salt  gives,  on  evaporation,  without  the  aid  of  heat,  the  decB-hydrated  salt, 
whilat  after  heating  above  &&"  it  forma  a  nnpersatuisled  solution  and  the  hepta-hydraled 
•alt,  wbich  give<  ntaaon  for  thiuking  that  the  state  of  salts  in  aopersaturated  aolutions 

Ija  diflerenb  Enim  that  in  ordinnry  solotions.  But  in  order  that  thin  view  shonld  be 
■oeapled,  aome  aigns  must  be  discovered  distinguishing  solntionB  (which  are,  according  lo 
ttua  view,  iaomuric}  containing  the  hepta.hydrated  salt  from  those  containing  the  dee». 
kydiated  salt,  and  all  efforts  made  in  thit  direction  Ithe  stady  of  the  properties  ot  the 
Mlotioiu}  hare  given  negotive  reaultB.  Further,  according  to  lliia  view,  one  would  expect 
Ul»t  all  sopersataraUvl  solutions  woold  contain  particular  Forms  of  cryatallohydraleB, 
and,  oltlunigb  tbi>  i>  possible,  yet  up  to  now  nothing  of  the  kind  has  been  observed, 
- 
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of  water  per  142  parts  of  anhydrous  salt,  and  not  180  parts  of  water,  as 
in  the  above-mentioned  salt.  Further,  the  crystals  containing  THjO 
are  distinguished  for  their  instability  ;  if  they  stand  in  contact  not  only 
with  crystals  of  Na2SO4,10H2O,  but  with  many  other  substances,  they 
immediately  become  opaque,  forming  a  mixture  of  anhydrous  and  deca- 
hydrated  salts.  It  is  evident  that  between  water  and  a  soluble  sub- 
stance there  may  be  established  different  kinds  of  greater  or  less  stable 
equilibrium,  of  which  solutions  form  one  aspect.*^' 

and  one  must  think  that  the  connection  with  the  fusibility  of  the  deca-hydrated  salt 
(and  of  all  salts  which  easily  give  sopersatnrated  solutions  and  are  capable  of  forming 
several  crystallohydrates),  and  with  that  decomposition  (formation  of  the  anhydrons 
salt)  which  the  deca-hydrated  salt  naffers  on  melting — plays  its  part  here.  As  some 
crystallohydrates  of  salts  (alams,  sugar  of  lead,  calcium  chloride)  melt  without 
decomposing,  whilst  others  (like  Na9S04,IL{0)  are  decomposed,  then  it  may  be  that  the 
latter  are  only  in  a  Htate  of  equilibrium  at  a  higher  temperature  than  their  melting  point. 
Did  experiment  show  that  the  hepta-hydrated  salt  began  to  crystallise  below  83^,  and 
that  then  only  the  crystals  grow,  then  all  the  data  concerning  supersaturated  solutions  of 
sodium  sulphate  c<>uld  be  explained  exclusiTely  in  the  sense  of  a  super-cooling  effect. 
At  present,  however,  these  questions,  notwithstanding  the  mass  of  research  to  which 
they  have  been  subjected,  cannot  be  considered  as  fully  resolved.  It  may  here  be 
observed  that  in  melting  crystals  of  the  deca-hydrated  salt,  there  is  formed,  besides 
the  solid  anhydrons  salt,  a  saturated  solution  giving  the  hepta-hydrated  salt,  so  that  this 
passage  from  the  deca-  to  the  hepta-hydrated  salt,  and  the  reverse,  takes  place  with  the 
formation  of  the  anhydrous  (or  it  may  be,  mono-hydrated)  salt. 

The  researches  of  Pickering  (1887)  on  the  amount  of  heat  which  is  evolved  in  the 
solution  of  hydrous  and  anhydrous  salts  at  different  temperatures,  give  reason  to  think 
that  at  a  certain  temperature  no  heat  will  be  evolved  in  the  combination  with  water;  that 
is,  that  probably  such  a  combination  will  not  take  place.  Thus  106  grains  (the  molecular 
weight  in  grams)  of  anhydrous  sodium  carbonate,  Na^COs,  ^  dissoh-ing  in  7,200  grams 
(b400  UqO)  of  water,  evolve  4,800  calories  at  4°,  5,800  at  16°,  and  5,850  calories  at  25°  (in 
other  cases  the  heat  evolved  in  solution  also  increases  with  a  rise  of  temperature).  If, 
however,  the  cry  stalls  hydrate,  Na^COs,  lOHjOjbe  taken,  then  (for  the  same  quantity  of 
anhydrous  salt)  an  absorption  of  heat  is  observed;  at  4° -16,250,  at  16°  — 16,150,  and  at 
25°  — 16,800  calories.  As  in  this  case  a  portion  of  the  heat  absorbed  is  due  to  the  fact  that 
the  water  of  crystallisation  taken  in  a  solid  state  appears  in  a  liquid  state,  Pickering  sub- 
tracts the  latent  heat  of  liquefaction  of  ice,  and  obtains  in  the  given  case  at  4°  - 1,700,  at 
16°  — 600,  and  at  28"^  -  0  calories.  From  this,  the  heat  of  the  formation  of  the  crystallo- 
hydrate,  or  the  heat  evolved  by  the  combination  of  Na^COs  with  lOH^O,  may  be 
calculated  (by  subtracting  the  former  quantities  from  the  first).  At  4^  it  is  equal  to 
+  6,000,  at  16"^  +  5,1K)0,  at  25° +  5,850  calories;  that  is,  it  distinctly  decreases,  although 
but  slightly,  with  the  rise  of  temperature.  It  may  be  that  for  NaoSO^  at  33^  the  heats 
of  the  formation  of  +  lOH^O  and  7H2O  differ  but  very  slightly. 

*7  Emuhio7i»,  like  milk,  are  composed  of  a  solution  of  glutinous  or  like  substances, 
or  of  oily  liquids  suspended  in  a  liquid  in  the  form  of  drops,  which  are  clearly  visible 
under  a  microscope,  and  form  an  example  of  a  mechanical  formation  which  resembles 
solutions.  But  the  difference  from  solutions  is  here  evident.  There  are,  however, 
solutions  which  approach  very  near  to  emulsions  in  the  facility  with  which  the  substance 
dissolved  Heparates  from  them.  It  has  long  been  known,  for  example,  that  a  particular 
kind  of  Prussian  blue,  KFe2(CN)o,  dissolves  in  pure  water,  but,  on  the  addition  of  the 
smallest  cjuantity  of  either  of  a  number  of  salts,  it  curdles  and  becomes  quite  insoluble. 
If  copper  sulphide  (CuS),  cadmium  sulphide  (CdS),  arsenic  sulphide  (AS2S5),  and  many 
other  metallic  sulphides,  be  obtained  by  a  method  of  double  decomposition  (by  precipi- 
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Solutions  of  salts  ou  refrigei'ntioii  bulow  0'  deposit  iee  or  crys- 
tals (which  then  usually  contain  water  of  ci'ystnUisation)  ot  the  salt 
.  dissolved,  and  on  arriving  by  this  means  at  a  certain  degree  of  con- 
'   centratioD  they  solidify  in  their  entire  mass.    These  solidiKed  moeses 
»re  t«rnipd  cryohyiiratfif.     My  reseiirehes  on  solutions  of  common  salt 
(18i)t<)  showed  that  its  solution  solidiEJes  when  it  i-eaches  a  composition 
I   NiiCl-|-10H/>  (180  parts  of  water  per  o8-5  parts  of  salt),  which  takes 
I  place  at  about  —23".     The  solidified  solution  melts  at  the  satno  temper- 
[  Rtore,  and  hoth  the  portion  melted  and  the  remainder   preserve  the 
I'e  composition,     (iuthrie  (1874-1876)  obtained  the-tryohydrates  of 
I,  many  sails,  and  he  showed  that  certain  of  them  are  formed  at  coin- 
I  partttively  low    temperatures,   whilst    others   (for   instance,    corrosive 
[  sublimate,  alums,  potassium  chlorate,  and  various  colloids)  are  formed 
a  slight  cooling,  to  — S'' or  even  before,  and  that  these  contain  a 
y  large  amount  of  water.     One  can  easily  imagine  that  these  two 
series  of  cryohydrates  differ  considerably  from  each  other,  but  the  in- 
EUlfieiency  of  the  existing  clata^"  does  not<  permit  of  a  true  judgment 
being  formed.     Nevertheless,  in  the  case  of  common  salt,  the  cryo- 


I  tkting  iwUk  ol  iheac  metaU  by  hydrogen  sulphide),  und  be  bl 
I  ■lloiriiig  the  precipitate  to  nettle,  poaring  oft  the  liquid,  and  aj 
[l  hjrdrogcn  water],  then,  aa  was  tdiown  by  Sobolze.  Spring,  Pn 
f  Tioasly  insoluble  rolphidea  pass  into  tranipBrant  |for  nerrary 

ntwn  :  lor  coppei  and  [ran,  gteeniih  bruwn  ;  for  cadmiam  and  indiani,  yellow  :  and  for 
nc,  colonrleaa)  noiuliona,  which  may  be  preserved  (the  weakeT  they  are  tlie  longer  they 
I:  IcaepI  and  even  baited,  bot  which,  nevertheloas.  in  time  become  curdled— that  ia,  settle 
D  inaOluhle  form,  and  Ibeu  gomeUinea  become  ciyatatline  and  quite  incapable  ot 
K  M-diaaolving.  Oraham  and  others  obaeived  the  power  shown  by  colloidi  (iM  note  IS)  oI 
•  'forming  aitnilar  Ayifroiol)  ortoluiioiu  of  gelatinotit  eoUoidi,  and,  in  deBcribing  alDmiiu 
llj«nd  aftiea,  we  shall  liave  occasion  to  speak  of  such  solations  once  more. 

In  the  eiuting  state  ol  our  IcuowleJge  concerniug  solution,  such  solutions  may  be 
B  ^lookod  on  a>  a  trausition  between  emulsion  and  ordinary  solutions,  but  no  fondamentat 
n  be  formed  about  tbem  nutU  a  aludy  has  been  made  ol  their  rrlutiona  to 
■■  mdiniu'y  lolutiouii  (the  aolutians  of  even  soluLle  colloids  freeie  immediately  on  cooling 
a  bvlow  0".  and,  ai-cording  to  Guthrie,  do  not  form  cryoliydrateal,  and  to  anpersatnrated 
.ntioua,  with  which  tbey  hare  certain  points  in  common- 

■  Oiler  (18M01  amcluiles,  (rotn  his  rBUOBrches  ou  oryohydratea.  that  they  are  simple 
P'lniltanw  of  io«  and  saltii,  having  a  onnataut  molting  point,  juat  at  there  are  alloyKbuvuig  a 
It  iiainlDffnaiiio.andaolutirinBal  liquids  with  a  uonatant  bailing  point  (iffi  note  Sll). 
(T1u»  docs  not,  however,  eiphin  in  what  form  a  aalt  ii  contained,  tor  instance,  in  the 
ite,  NaCl  1-  luHjO.     At  temperatures  above  -  li)°  common  aalt  separate*  out  in 
■  crystaU.  and  at  temperatures  near  — lu^.  in  combination  with  water  ot 
I,  KaCUaHjO,  and,  therefore,  it  is  very  improbable  that  at  still  tower 
■mtmnhirea  it  woold  Mparate  without  •khMi.     If  the  possibility  ol  the  solidified  cryii- 
■il^diate  cimtaining  NnCl  +  3H]0  and  ice  be  admitted,  tl 
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doea  not  melt  before  the  otlier.     If  u 


■.l^mhol  alio  ta 

Bibom  NaCI  +  ;l[i:0)at  nbnot  their  mi 
•  cryohydrate.  NaCI  •  10a,O.  tY 


liTolio)  dD«e  not  extract  water  from 
B  the  presence  of  ioe,  becanae 
il«d  sDbatanoea  llor  instance, 
I  wbicb.  a  simple  observatiou 
ist  carcfal  cooling  it  does  nut 


hy/lf*M  with  10  n\r>\^t*nl^!n  ni  w*fi*r,  said  in  the  ea«^  of  3o«iiiim  nixrace. 
ih^  ffjohyAtP^f^'''*  with  7  mol<v.aU«  of  wat«r<i>..  12H  parra  of  writer 
p#if  ^'r  <vf  ^t)  AWm\i\  h#^  acc^r>»H  an  mtahiuht^ri  -tahstanc^a.  <»pabie  ot 
fm'mf9i(  ffMn  A  »^ItH  t/v  A  HqniH  stase  and  cnavem^ly  :  and  theretor*?  it 
mtkf  M  f,h<mght.  thai:  in  *n*y^»hydrat«i  we  have  folationa  wfaicii  are  not 
ffhly  ftri/leA/>fnpry«U>le  hy  '^i^ld,  hat  al2v>  have  a  definite  compoHition  whieii 
fr^mkl  prwwmt  a  fr^nh  /»he  />f  definite  eqniKbrinm  between  the  solvent 

Th^  f/>fmatk*»n  of  definite  hut  an^tahle  componnds  in  the  pmcei»  .>f 
^y|nff/m  ^»eivvm#M  evid#mt  from  the  phenomena  ci  a  marked  decrease  of 
vHjffmf  f^»?n«yyn,  or  from  the  ri«e  of  the  temperature  of  ehollition  which 
fpff^nrn  m  the  nfAntUm  of  certain  volatile  liqnida  and  gases  in  water.    As 
Mi  #nrample,  we  will   fake  hydriodic  acid,  HL  a  gas  which  liqnefies  on 
^  v#rf  /ymfikleraWe  rfsdfu^.ifm  of  temperatnre,  giving  a  liqnid  which 
heAh  at      20^,     A  ivJntirm  #rf  it  containing  57  p.c.  of  hydriodic  acid  is 
^Hft'mffninh^  >#y  it*  great  <4tahility.     If  it  be  evaporsted  by  heating, 
fhe   hfi^rMUi   aeid    volatili.4efi  together  with   the  water  in  the  same 
prtppffrf.Hmn  tut  th^  oeenr  in  the  anlntioo,  so  that  the  gas  passes  off 
Urfffih^  with  the  aqneoQA  vaponr,  and  therefore  such  a  solation  may  be 
distilled  nn/^hangeri,  frir  the  distillate  will  contain  the  .same  proportion 
f4  hy/ln/idi<;  Add  an/1  water  aa  was  originally  taken.      The  solution 
}f(AU  at  a  higher  f^ffntpfunktnn:  than  water.     The  physical  properties  of 
the  gMA  ari/1  water  in  this  ca^ie  already  rlisappear :  there  is  formed  a 
stable  f/mtjffmnf\  }ff!twfr^n  water  anfl  the  gas,  a  new  substance  which 
imn  iUt  definite  lioiling  point.     To  pat  it  more  correctly,  this  is  not  the 
ieirrperatore  of  ebullition,  l>at  the  temperatare  at  which  the  compound 
Itfrmm]  tUffjmtpfmtiH,  forming  the  vapours  of  the  products  of  dissociation, 
whit.hf  fm  t'OfA'mff^  re-combine.     The  above-described  aqaeous  solution 
}f(fiU  at  )27'',     Hhould  a  less  amount  of  hydriodic  acid  be  dissolved 
In  waf/er  than  the  above,  then,  on  heating  such  a  solution,  water  only 
will  at  first  Ije  distilled  over,  until  the  solution   attains  the  above- 
mentiwierl  r;omjK«ition  ;  it  will  then  distil  over  unaltered.     If  more 
hy/lri^xlic  acid  lie  passed  into  such  a  solution  a  fresh  quantity  of  the 
gns  will  rliss^ilve,  which,   however,  may   be  very  easily  removed.     It 
mti«t  n/ji,  however,  lie  thought  that  those  forces  which  determine  the 

fm  th*i  tnUhiiftn  tA  u-m  d^irmii  ice,  which  woald  occur  if  ice  in  intermixture  with  the  salt 
m*^0i  UrrmpiA  on  fK»lidiflc«iion. 

f  mn.y  nAiX  with  reKard  to  cryohjdraiefi  that,  in  inveHtigatinfi^  aqueous  solutions  of 
%\t'ohii\  luttU^  III;,  I  concluded,  on  the  basis  of  the  specific  gravity,  that  a  compound, 
<'»Hr.O  f  I'iH^I,  i^xisted,  and  a  solution  of  this  composition  completely  solidifies  on  cool- 
ing Ut  -'Jit  ,  f/irrninK  well-forme*!  crystals,  which  melt  at  about  -18^,  as  was  shown  by 
obM<rvAti/in«  ma^l*-  by  W.  K.  Tischenko  and  myself.  This  definite  comi)onnd  reminds 
#«ifl  rif  rryrihydriit4'N  in  many  rospects. 

''^  Hfff.  tmUi  '24. 
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formation  of  ordinary  gaseous  solutions  play  no  part  whatever  in  the 
formation  of  a  solution  having  a  definite  boiling  point ;  that  they  do 
act  is  shown  from  the  fact  that  such  constant  gaseous  solutions  vary  in 
their  composition  under  different  pressures.^®     Therefore,  it  is  not  at 

^  For  this  reason  (the  want  of  entire  constancy  of  the  composition  of  constant  boiling 
solutions  with  a  change  of  pressure)  many  deny  the  existence  of  definite  hydrates  formed 
by  volatile  substances — for  instance,  by  hydrochloric  acid  and  water.  They  generally 
argue  as  follows :  If  there  did  exist  a  constancy  of  composition,  then  it  would  not  be 
altered  by  a  change  of  pressure.  But  the  distillation  of  constant  boiling  hydrates  is  un- 
doubtedly accompanied  (judging  by  the  vapour  densities  determined  by  Bineau),  like  the 
distillation  of  sal-aipimoniac,  sulphuric  acid,  &c.,  by  an  entire  decomposition  of  the 
previous  compound — that  is,  these  substances  do  not  exist  in  a  state  of  vapour,  but 
their  products  of  decomposition  (hydrochloric  acid  and  water)  are  gases  at  the  tempera- 
ture of  volatilisation,  which  dissolve  in  the  volatilised  and  condensed  liquids ;  but  the 
solubility  of  gases  in  liquids  depends  on  the  pressure,  and,  therefore,  the  composition  of 
constant  boiling  solutions  may,  and  even  ought  to,  vary  with  a  change  of  pressure,  and, 
further,  the  smaller  the  pressure  and  the  lower  the  temperature  of  volatilisation,  the 
more  likely  is  a  true  compound  to  be  obtained.  According  to  the  researches  of  Roscoe 
and  Dittmar  (1859),  the  constant  boiling  solution  of  hydrochloric  acid  proved  to  contain 
18  p.c.  of  hydrochloric  acid  at  a  pressure  of  8  atmospheres,  20  p.c.  at  1  atmosphere, 
and  28  p.c.  at  j\j  of  an  atmosphere.  On  passing  air  through  the  solution  until  its 
composition  became  constant  (i.e.,  forcing  the  excess  of  aqueous  vapour  or  of  hydro- 
chloric acid  to  pass  away  with  the  air),  then  acid  was  obtained  containing  about 
20  p.c.  at  100°,  about  28  p.c.  at  50°,  and  about  25  p.c.  at  0°.  From  this  it  is  seen 
that  by  decreasing  the  pressure  and  lowering  the  temperature  of  evaporation  one 
arrives  at  the  same  limit,  where  the  composition  should  be  taken  as  HCl  +  GH^O,  which 
requires  25*26  p.c.  of  hydrochloric  acid.  Fuming  hydrochloric  acid  contains  more  than 
this. 

The  most  important  fact  in  evidence  of  the  existence  of  definite  compounds  in  acids 
boiling  at  a  constant  temperature  is  the  fall  of  tension.  The  gas  loses  its  tension,  does  not 
follow  the  law  of  Henry  and  Dal  ton  with  a  diminution  of  pressure ;  its  solution  oaly  parts 
with  water ;  the  vapour  tension  of  a  volatile  liquid  in  solution  is  less  than  its  own  or  that 
of  the  water  combined  with  it.  This  loss  of  tension  is  a  loss  of  movement  brought  about 
by  the  action  of  the  attraction  existing  between  the  water  and  the  substance  dissolved.  In 
the  case  already  considered,  as  in  the  case  of  formic  acid  in  the  researches  of  D.  P. 
Konovaloff  (note  47),  the  constant  boiling  solution  corresponds  with  a  minimum  tension — 
that  is,  with  a  boiling  point  higher  than  that  of  either  of  the  component  elements.  But 
there  is  another  case  of  constant  boiling  solutions  similar  to  the  case  of  the  solution  of 
propyl  alcohol,  CsH^O,  when  a  solution,  undecomposed  by  distillation,  boils  at  a  lower 
point  than  that  of  the  more  volatile  liquid.  However,  in  this  case  also,  if  there  be 
solution,  the  possibility  cannot  be  denied  of  the  formation  of  a  definite  compound  in  the 
form  CjH^O  -f  H^jO,  and  the  tension  of  the  solution  is  not  equal  to  the  sum  of  tensions 
of  the  components.  There  are  possible  cases  of  constant  boiling  mixtures  even  when  there 
is  no  solution  nor  any  loss  of  tension,  and  consequently  no  chemical  action,  because  the 
amount  of  liquids  that  are  volatilised  is  determined  by  the  product  of  the  vapour  densities 
into  their  vapour  tensions  (Wanklyn),  in  consequence  of  which  liquids  whose  boiling 
point  is  above  100° — for  instance,  turpentine  and  ethereal  oils  in  general — when  distilled 
with  aqueous  vapour,  pass  over  at  a  temperature  below  100°.  Consequently,  it  is  not  in 
the  constancy  of  composition  and  boiling  point  (temperature  of  decomposition)  that  the 
signs  of  a  clear  chemical  action  should  be  seen  in  the  above-described  solutions  of  acids, 
but  in  the  great  loss  of  tension,  which  completely  resembles  the  loss  of  tension  ob- 
served, for  instance,  in  the  perfectly-definite  combinations  of  substances  with  water  of 
crystallisation  {see  later,  note  C5).  Sulphuric  acid,  H2SO4,  as  we  shall  learn  later,  is  also 
decomposed  by  distillation,  like  HCl  +  6H.2O,  and  exhibits,  moreover,  all  the  signs  of  a 
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every,  but  only  nt  the  nrdinaiy,  atmospheric  pressui-e  that  a  constant 
l«>iUng  solution  of  hydriodio  acid  will  contain  -'i"  p.c.  of  the  gas.  At 
nnother  pressure  the  proportion  of  water  Find  hydriodic  acid  will  Ije 
tliffei-eiit.  tt  varies,  however,  judgiiig  from  observations  made  by  Roswie, 
very  little  foi-  considerable  \iiriations  nf  pressure.  This  variation  in 
coinpositiim  directly  indicates  tliat  pressure  exerts  an  influence  on  the 
formation  of  unstable  chemical  compounds  which  are  e-asily  dissociated 
(with  formation  of  a  gas).  Just  ns  it  indueoces  the  solution  of  gases, 
only  the  latter  is  influenced  to  n  more  considerable  degi'ee  than  the 
fomier."'  Hydrochloric,  nitric,  and  other  acids  form  so/vtionn  liariTu/ 
•  ii*finiU  boiling  points,  like  that  of  hydriodic  acid.  They  show  further 
the  common  property,  if  containing  but  a  small  proportion  of  water,  that 
they ,/'»»'»»'  lit  air.  Strong  solutions  of  nitric,  hydrochloric,  hydrioiHc, 
and  other  gases  are  even  termed  '  fuming  acids.'  The  fuming  liijuids 
conbiin  a  definite  compound,  whose  temperature  of  ebullition  (decom- 
position) is  higher  than  100°,  and  contain  also  an  excess  of  the  volatile 
substance  dissolved,  which  (the  substance)  exhibits  a  capacity  to  com- 
bine with  water  and  fomi  a  hydrate,  whose  vapour  tension  is  less  than 
that  of  aqueiJus  vapour.  On  evaporating  in  air,  this  dissolved  substance 
meets  the  atmospheric  moisture  and  forma  a  visible  vapour  (fumes)  with 
it,  which  consists  of  the  above-mentioned  compound.  The  attraction 
or  aftiiiity  which  binds,  for  instance,  hydriodic  acid  with  water  is 
evinced  not  only  in  the  evolution  of  heat  and  the  diminution  of  i-apour 
tension  (rise  of  boiling  point),  but  also  in  many  purely  ohemicnl  rela- 
tions. Thus  hydriodic  acid  is  produced  from  iodine  and  liydrogea  J 
sulphide  in  the  presence  of  water,  but  unless  water  is  present  this  i 
action  does  not  take  place.''' 

dHllnite  vhemiviil  conipound.  The  stady  ol  th»  vmution  a!  the  apefliilo  gmriliBB  of 
sulutioiiB  na  ilepenUiiat  on  their  compoHiliati  (leu  uute  Id)  shown  that  phenomeim  ol  it 
iiiraiUr  kind,  iilthnu|(h  of  ilifloraut  diiumiBiona,  Uke  place  iti  Ihe  fonn»tion  of  both  HjBOj 
fmm  U.0  And  SOj,  itiid  of  UCl  *  SH,0  (or  of  aqneoDB  Bolatians  anaJogous  to  it)  from  HCl 
itnd  H,b. 

•I  TliP  MiinDce  of  tlie  matter  ma;  be  llmBrepresauted.  AiinbBbauDe  A.eitllorgueolu 
or  easily  njUiliU,  lonus  with  n  certain  quaiitity  of  water,  nH.,0,  a.  definite  ootnplei  eom- 
pouuil  AnRgO.  which  in  stable  up  to  a  tempernlnre  f^  hi)cherthan  100^  At  this  tempera- 
tare  it  in  dHeoiii|Ased  into  two  snhetances,  A  +H3O.  Both  boil  below  t°  at  the  ordinary 
pretsura,  and  therefore  at  t"  they  distil  orer  and  re-combine  in  tbe  reoeiver.  Bat  if  a 
put  of  tbe  subslanoe  AnU.fi  ik  decompoAed  or  TolallliBed.  there  still  reniiiin*  a  portion  of 
nndecom  posed  liquid  in  the  veasel,  which  can  partially  diaaolTe  one  of  the  products  of 
diHxnupo«ition,  and  that  in  quantity  varying  with  the  pressure  and  teroperattirei  and 
therefore  tbe  solntion  at  acoRstanl  boiling  point  wlllhaveaiilightly-diSeruQteompoBition 
at  different  presiUrett. 

"  For  Holntions  of  hydrochloric  ncid  in  water  thore  are  still  greater  diflcrences  in 
reaetiniis.  For  iaslancB.  atrong  aolutiona  decomiifiiie  tuitinioiiy  anlphide  Iforming  hydro- 
gen BUlphide,  H]M),  and  preci]Blutp  toinmon  salt  from  ita  violutLiiiis  whilst  weak  solutions 
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Many  compounds  containing  water  of  crystallisation  are  solid  sub- 
stances (when  melted  they  are  already  solutions — i.e.,  liquids) ;  further- 
more, they  are  capable  of  being  formed  from  solutions,  as  is  ice  or 
aqueous  vapour.  I  propose  calling  them  cry  stall o-hydrates.  Inasmuch 
as  the  direct  presence  of  ice  or  aqueous  vapour  cannot  be  admitted  in 
solutions  (for  these  are  liquids),  although  the  presence  of  water  may 
be,  so  also  there  is  no  basis  for  acknowledging  the  presence  in  solu- 
tions of  substances  in  an  already- existing  state  of  combination  with 
water  of  crystallisation,  although  they  are  obtained  from  solutions  as 
such/*^  It  is  evident  that  such  substances  present  one  of  the  many 
forms  of  equilibrium  between  water  and  a  substance  dissolved  in  it. 
This  form,  however,  reminds  one,  in  all  respects,  of  solutions — that  is, 
aqueous  compounds  which  are  more  or  less  easily  decomposed,  with 
separation  of  water  and  the  formation  of  a  less  aqueous  or  an  anhydrous 
compound.  In  fact,  there  are  not  a  few  crystals  containing  water 
which  lose  a  part  of  their  water  at  the  ordinary  temperature.  Of  such 
a  kind,  for  instance,  are  the  crystals  of  soda,  or  sodium  carbonate, 
which,  when  separated  from  an  aqueous  solution  at  the  ordinary 
temperature,  are  quite  transparent ;  but  when  left  exposed  to  air, 
lose  a  portion  of  their  water,  becoming  opaque,  and,  in  the  process, 
lose  their  crystalline  appearance,  although  preserving  their  original 
form.  This  process  of  the  separation  of  water  at  the  ordinary  tempera- 
ture is  termed  the  efftorettcenre  of  crystals.  Efflorescence  takes  place 
more  rapidly  under  the  receiver  of  an  air  pump,  and  especially  at  a 
gentle  heat.  This  breaking  up  of  a  crystal  is  dissociation  at  the 
ordinary  temperature.  Solutions  are  decomposed  in  exactly  the  same 
manner.****     The  tension  of  the  aqueous  vapour,  which  is  given  ofl'  from 

^•^  Supersaturated  solutions  give  an  excellent  proof  in  this  respect.  Thus  a  solution 
of  copper  sulphate  generally  crystallises  in  penta-hydrated  crystals,  CuSO.^  +  oH.jO,  and 
its  saturated  solution  gives  such  crystals  if  it  be  brought  into  contact  with  the  minutest 
possible  crystal  of  the  same  kind.  But,  according  to  the  observations  of  LeciKj  dc  Bois- 
baudran,  if  a  crystal  of  ferrous  sulphate  (an  isomorphous  salt,  8ce  note  55),  FeSO^  +  7H.iO, 
be  placed  in  a  saturated  solution  of  copper  sulphate,  then  crystals  of  hepta-hydrated  salt, 
CnS044-7H20,  are  obtained.  It  is  evident  that  neither  the  penta-  nor  the  hepta-hydrated 
salt  is  contained  as  such  in  tlie  solution.  The  solution  i)resents  its  own  particular  licjuid 
form  of  equilibrium. 

**  Efflorescence,  like  every  evaporation,  proceeds  from  the  surface.  Inside  crystals 
which  have  effloresced  there  is  usually  found  a  non-etfloresced  mass,  so  that  the  majority 
of  effloresced  crystals  of  washing  soda  show,  in  their  fracture,  a  transparent  nucleus 
coated  by  an  effloresced,  optujue,  powdery  mass.  It  is  a  remarkable  circumstance  in  this 
respect  that  efflorescence  proceeds  in  a  ccmipletely  regular  and  uniform  manner,  s<j  that 
the  angles  and  planes  of  similar  crystallographic  character  effloresce  simultaneously, 
and  in  this  re«i)e<'t  the  crystalline  form  determines  those  parts  of  crystals  where  efflo- 
rescence starts,  and  the  order  in  which  it  continues.  In  solutions  evaporation  also 
procecniH  from  the  surface,  and  the  first  crystals  which  apiwear  on  its  reaching  the 
re({uired  degree  of  saturation  are  also  formed  at  the  surface.  After  falling  to  the 
bottom  the  crystals  naturally  continue  to  grow  {see  Chap.  X.). 
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crystallo-hydrates  is  naturally,  as  with  solotioos,  less  than  the  vapour 
tension  of  water  itself  '^  at  the  same  temperature,  and  therefore  many 
anhydrous  salts  which  are  capable  of  combining  with  water  absorb 
aqueous  vap«>ur  from  moist  air ;  that  is«  they  act  like  a  cold  body  on 
which  water  is  deposited  from  steam.  It  is  on  this  that  the  desiccation 
of  gases  is  bused,  and  it  must  further  be  remarked  in  this  respect  that 
certain  subet^uices— for  instance,  potassium  carbonate  (K^COj)  and. 
calcium  chloride  (CaClj) — not  only  absorb  the  water  necessary  for  the 
formation  of  a  solid  crystalline  compoumi,  but  also  give  solutions,  or 
cleliqnesi'e.  as  it  is  termed,  in  moist  air.  Many  crystals  do  not  effloresce 
in  the  least  at  the  ordinary  temperature  :  for  example,  copper  sulphate, 
which  may  be  pi-eserved  for  an  indefinite  length  of  time  without  efflo- 
rescing, but  when  placed  under  the  receiver  of  an  air  pump,  if  efflores- 
cence be  once  started,  it  goes  on  at  the  ordinary  temperature.  The 
tem()erature  at  which  the  entire  separation  of  water  from  crystals  takes 
place  varies  considerably,  not  only  for  difierent  substances  but  also  for 
different  portions  i>f  the  contained  water.  Very  t>ften  the  temperature 
at  which  disst>ciation  begins  is  very  much  higher  than  the  boiling  point 
of  water.  JSo,  for  example,  copper  sulphate,  which  contains  36  p.c.  of 
water,  gives  up  28*8  p,c.  at  100^,  and  the  remaining  quantity,  namely 
7*:i  p.c,  only  at  240®.  Alum,  out  of  the  45*r>  p.c.  of  water  which  it  con- 
tains, gives  up  18*9  p.c.  at  10(h\  17*7  p.c.  at  120^,  77  p.c.  at  ISO",  and 
1  p.c.  at  *J80^' ;  it  only  loses  the  last  quantity  ( I  p.c.)  at  their  temperature 
of  decomposition.  These  examples  clearly  show  that  the  annexation  of 
water  of  crystidlisatiim  b  accimipanied  by  a  rather  profound^  although, 
in  ci>mparis4.»n  with  instances  which  we  shall  consider  later,  still  incon- 

*^  Aco.>rdiu^  to  Lescvvur  (lt<^).  at  llH.^'  a  thick  «»oIttticu  of  bariuiu  hydrcxide,  B^kH^^Oi, 
oil  tirst  d«^iK>*«itui^  ervHtaU  i  with  -  H^O )  has^  a  t«*iisioti  of  aboat  63U  mm.  <  instead  of  760  mm 
the  teusiou  of  wuterl.  which  decreaiWH  (because  the  siUution  evaporates'  to  ^t  mm.,  when 
all  the  water  is  ex^^lled  fix>m  the  crystals,  BaHjl.X|  -  H,0,  which  are  formed,  bat  they 
also  lose  water  •  disjociate,  eftloreKce  at  lOU"  >.  Ieaviu)j[  the  hydroxide.  BaH.jO  j.,  which  is  per- 
fectly uadect»ini^H.>!»able  at  lOO"'— that  is, does  uot  part  with  water.  At  73^  (the  tension  of 
water  is  then  -ii.WJ  mm.)  a  scUutiou.  cvntaiuiux  JftJH^O.  on  crystallisiujj:  has  a  tension  of 
tiJJO  mm. :  the  crystals  BaH,.0  •  !^H>0,  which  !M*parate  out.  have  a  tension  of  160  mm.;  on 
losing;  water  they  j^ive  BaH^i^V  *  H>0.  This  •-..ubstauc'v  dcvs  not  decompose  at  7^^\  and 
therefore  its  teii-^ion  0.  Miiller-Krabach  ^^?*^^l  determine^  the  teusion  iwith  reference 
to  hquid  w:itcr  by  placing;  >iiitiilar  loii^  tuben  with  water  and  the  substances  experi- 
mented with  m  a  defecator.  tlu«  rate  of  K^ss  of  water  jfiviiig  the  relative  tension.  Thos, 
at  the  i»nbuar\  temi»erHture.  cryHttils  of  ^cnlium  phosphate.  Nik,H TO ^  -  11H»0,  present 
a  tension  oi  07  ct>ni()ured  with  water,  until  they  K*«e  oH^O.  then  0"4  until  they  lose  SH^O 
more.  ;ind  on  K»s:njj  the  last  e»|uivalent  i»f  >»aler  the  ten.suui  falls  to  0*m  ov^mpared  with 
water.  It  :*i  clear  tliat  ihe  diffor\M»t  nioUvules  of  water  are  held  by  an  unequal  force. 
Out  «'t'  tht'  five  mi>leculeH  ot  water  in  copper  sulphatf  the  two  tirst  are  comparativelT 
easily  st»panited.  t-vt  n  at  the  i»nlinary  tcuipei-atuiv  but  only  after  -several  days  in  a 
desitxati»r.  avct>nhnj:  t*>  Latchinoff^  :  the  tie.xt  tno  vare  more  vlirticnltly  separated,  and  the 
last  e<ju:valeut  '.-^  held  tirnily.  even  at  UW  . 
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siderable,  change  of  its  properties.  In  certain  cases  the  water  of  crys- 
tallisation is  only  given  off  when  the  solid  form  of  the  substance  is 
desti*oyed  :  when  the  crystals  melt  on  heating.  The  crystals  are  then 
said  to  nielt  in  their  water  of  crystallisation.  Further,  after  the  separa- 
tion of  the  water,  a  solid  substance  remains  behind,  so  that  by  further 
heating  it  acquires  a  solid  form.  This  is  seen  most  clearly  in  crystals 
of  sugar  of  lead  or  lead  acetate,  which  melt  in  their  water  of  crystalli- 
sation at  a  temperature  of  56*25°,  and  in  so  doing  begin  to  lose  water. 
On  reaching  a  temperature  of  100°  the  sugar  of  lead  solidifies,  having 
lost  all  its  water ;  and  then  at  a  temperature  of  280°  the  anhydrous  and 
solidified  salt  again  melts.  Sodium  acetate  (C^HsNaOjjdHjO)  melts 
at  58°  (but  resolidifies  only  on  contact  with  a  crystal,  otherwise  it  may 
remain  liquid  even  at  0°  ;  as  the  temperature  does  not  change  during 
solidification,  the  melted  salt  can  be  used  for  obtaining  a  constant 
temperature  of  58°).  According  to  Jeannel,  the  latent  heat  of  fusion  is 
about  28  calories,  find,  according  to  Pickering,  the  heat  of  solution  is  35 
calories.  When  melted,  this  salt  boils  at  1 23°-  that  is,  the  tension  of 
the  aqueous  vapour  given  off  then  equals  the  atmospheric  pressure. 

It  is  most  important  to  recognise  in  respect  to  the  water  of  crys- 
tallisation that  its  ratio  to  the  quantity  of  the  substance  with  which  it 
is  combined  is  always  a  constant  quantity.  However  often  we  may 
prepare  copper  sulphate,  we  shall  always  find  36'14  p.c.  of  water  in  its 
crystals,  and  these  crystals  always  lose  four-fifths  of  their  water  at 
100°,  and  one-fifth  of  the  whole  amount  of  the  water  contained  remains 
in  the  crystals  at  100°,  and  is  only  expelled  from  them  at  a  temperature 
of  about  240°.  The  determination  of  the  amount  of  water  of  crystal- 
lisation is  easily  made  if  a  weighed  quantity  of  crystals  is  dried  in  an 
air  or  other  bath.  What  has  been  said  about  crystals  of  copper  sulphate 
refers  also  to  crystals  of  every  other  substance  which  contain  water  of 
crystallisation.  It  is  impossible  to  here  increase  either  the  relative 
proportion  of  the  salt  or  of  the  water,  without  changing  the  homo- 
geneity of  the  substance.  If  once  a  portion  of  the  water  be  lost — for 
instance,  if  once  efflorescence  takes  place— a  mixture  is  obtained,  and 
not  a  homogeneous  substance,  namely  a  mixture  of  a  substance  deprived 
of  water  with  a  substance  which  has  not  yet  lost  water—  i.e.,  decom- 
position has  already  commenced.  This  constant  ratio  is  an  example  of 
the  fact  that  in  chemical  compounds  the  quantity  of  the  component 
parts  is  quite  definite  ;  that  is,  it  is  an  example  of  the  so-called  d**Jinite 
chemical  compounds.  They  may  be  distinguished  from  solutions,  and 
from  all  other  so-called  indefinite  chemical  compounds,  in  that  at  least 
one,  and  sometimes  both,  of  the  component  parts  may  be  added  in  a 
large  quantity  to  an  indefinite  chemical  compound  without  destroying 
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its  homogeneity,  as  in  solutions,  whilst  it  is  impossible  to  add  any  one 
of  the  component  parts  to  h  definite  chemical  compound  without  de- 
stroying the  homogeneity  of  the  entire  mass.  Definite  chemical  com- 
pounds only  decompose  at  a  certain  rise  in  temperature  ;  on  a  lowering 
in  temperature  they  do  not,  at  least  with  very  few  exceptions,  yield 
their  components  like  solutions  which  form  ice  or  compounds  with  water 
of  crystallisation.  This  obliges  one  to  consider  that  solutions  contain 
water  as  water,^^  although  it  may  sometimes  be  in  a  very  small  quan- 
tity. Therefore  solutions  which  are  capable  of  entirely  solidifying  (for 
instance,  cryohydrates  and  crystallo- hydrates — i.e.,  compounds  with 
water  of  crystallisation  which  are  capable  of  melting  -  or  the  compound 
of  8H  parts  of  sulphuric  acid,  H2SO4,  with  15^  parts  of  water,  HgO, 
or  H2S04,HoO,  or  H4S0.^)  appear  as  true  definite  chemical  compounds. 
If,  then,  we  imagine  such  a  definite  compound  in  a  liquid  sUite,  and 
admit  that  it  partially  decomposes  in  this  state,  separating  water — 
not  as  ice  or  vapour  (for  then  the  system  would  be  heterogeneous, 
including  substances  in  different  physical  states),  but  in  a  liquid  form, 
when  the  system  will  be  homogeneous — then  we  shall  form  an  idea  of 
a  solution  as  an  unstable,  decomposing  fluid  equilibrium  between  water 
and  the  substance  dissolved.  Just  as  the  component  elements  may  be 
added  to  a  gaseous  mixture  without  destroying  its  homogeneity,  so  both 
the  solvent  may  be  added  to  a  solution  (the  solution  will  then  be 
obtained  diluted,  and  no  longer  presenting  a  definite  composition),  and 
also  the  substance  dissolved  may  be  added  (with  a  solid  and  a  saturated 
solution  a  supersaturated  solution  will  be  obtained),  which  may,  how- 
ever, owing  to  the  force  of  the  cohesion  of  its  parts,  separate  out  from 
the  solution  in  a  crystallised  form.  In  adding  the  solvent,  or  the 
substance  dissolved,  without  destruction  of  the  homogeneity  of  the 
whole,  we  altered  their  relative  quantity  (the  proportion  of  the  acting 
masses),  by  which  there  will  be  an  alteration,  lK)th  in  the  (juantity  of  the 
water,  forming  one  of  the  products  of  dissociation,  and  also  of  the  relative 
quantity  of  one  or  many  of  the  definite  compounds  between  the  water 
and  the  substance  dissolved.  Owing  to  this  change,  there  occurs  an 
alteration  in  the  properties  of  a  solution  (contraction,  change  of  vapour 
tension,  &c.)  ;  not  in  the  sense  of  a  purely  mechanical  change  in  the 
proportion  of  the  compiments  (as  in  the  intermixture  of  non  reacting 

®®  Such  a  phenomenon  frequently  presents  itself  in  purely  chenncal  action.  F<^r 
instance,  let  a  liquid  substance  A  give,  with  another  liquid  substance  B,  under  the  condi- 
tions of  an  experiment,  a  mere  minute  quantity  of  a  solid  or  gaseous  substance  C.  This 
small  quantity  will  separate  out  (pass  away  from  the  sphere  of  action,  as  Berthollet 
expressed  it),  and  the  remaining  masses  of  A  and  7i  will  again  give  C;  conse«iuently, 
under  these  conditions,  action  will  go  on  to  the  end.  Such,  it  seems  to  me,  is  the  action 
in  solutions  when  they  yield  ice  or  vapour  indicating  the  presence  of  water. 
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gases),  but  in  the  sense  of  an  alteration  in  the  cjuantity  of  tliose  definite 
liquid  chemical  compounds  which  are  determined  by  the  chemical  attrac- 
tion between  water  and  the  substance  dissolved  in  it,  and  by  their 
capacity  for  forming  with  it  diverse  compounds,**^  which  is  seen  in  the 
capicity  of  one  substance  to  form  with  watei-  many  various  crystaUo- 
hydrates,  or  compounds  with  water  of  crystiillisation,  showing  diverse 
and  independent  properties.  From  these  considerations,  solutions  *'** 
viay  he  regarded  a^  Jlnid^  uyistabky  d^Jinite  cheviical  comjxnmds  in  a 
state  o/  dissociationy-^ 

*^  Certiiin  subMtanceH  are  capable  of  fonniiig  only  one  comjKmnd,  others  several,  and 
these  of  tlie  moHt  varied  degrees  of  stability.  The  compounds  oi  water  are  instances  of 
this  kind.  In  solutions  of  sulphuric  acids  (see  note  19),  for  example,  the  existence  must 
bt;  acknowledged  of  several  different  definite  compounds.  Many  of  these  have  not  yet 
l>cen  obtained  in  a  free  state,  and  it  may  be  that  they  cannot  be  obtained  in  any  other 
V)ut  a  liquid  form — that  is,  dissolved ;  just  as  there  are  many  undoubted  definite  com- 
pounds which  only  exist  in  one  physical  state.  Among  the  hydrates  such  instances 
occur.  The  compound  C0.2  +  HH.>0  [see  note  31),  according  to  Wroblewski,  only  occurs  in 
a  solid  form.  Hydrates  like  H.jS  +  12HijO  (De  Forcrand  and  Villard).  HBr+H.iO  (Rooze- 
boom),  can  only  be  accej>ted  on  the  basis  of  a  decrease  of  tension,  but  present  themselves 
as  very  transient  substances,  incapable  of  existing  in  a  stable  free  state.  Even  sulphuric 
acid,  H2SO4,  itself,  which  undoubtedly  is  a  definite  e(mipound,  fumes  in  a  liquid  form, 
evolving  the  anhydride,  SO5— that  is,  exhibits  a  very  unstable  e<iuilibrium.  The  crystallo- 
hydrates  of  chlorine,  Cl^  -f-HHoO,  of  hydrogen  sulphide,  H._.S  -  12H...0  (it  is  formed  at  0^, 
and  is  completely  decomposed  at  + 1"^,  as  tlien  1  vol.  of  water  only  dissolves  A  vols,  of 
hydrogen  sulphide,  while  at  O'l^  it  dissolves  about  100  vols.),  and  of  many  other  gases, 
are  instances  of  hydrates  which  are  very  unstable. 

^  Of  such  a  kind  are  also  other  indefinite  chemical  compounds;  for  example, 
metallic  alloys.  These  are  solid  substances  or  Kolidifie<l  nolutions  of  metals.  They  also 
contain  definite  compounds,  and  may  contain  an  excess  of  one  of  the  metals.  According 
to  the  experiments  of  Laurie  (18yH),  the  alloys  of  zinc  with  copper  in  respect  to  the  electro- 
motive force  in  galvanic  batteries  behave  just  like  zinc  if  the  proportion  of  copper  in  the 
alloy  does  not  exceed  a  certain  percentage — that  is,  until  a  definite  compound  is  attained 
— for  then  there  are  yet  particles  of  free  zinc ;  but  if  a  copper  surface  be  taken,  and  it  be 
covered  by  only  one-thousandth  part  of  its  area  of  zinc,  then  only  tlie  zinc  will  act  in  a 
galvanic  battery. 

<^  According  to  the  above  supposition,  the  condition  of  solutions  in  the  sense  of  the 
kinetic  hypothesis  of  matter  (that  is,  on  the  supposition  of  an  internal  movement  of 
molecules  and  atoms!  may  be  represented  in  the  following  form  : — In  a  homogeneous 
liquid — for  instance,  water — the  molecules  occur  in  a  certain  state  of,  although  mobile, 
still  stable,  equilibrium.  When  a  substance  A  dissolves  in  water,  its  molecules  form  with 
several  molecules  of  wat^r,  systems  -4«HoO,  which  are  so  unstable  that  when  surrounded 
by  molecules  of  water  they  decompose  and  re-fonn,  so  that  .1  passes  from  one  mass  of 
molecules  of  water  to  another,  and  the  molecules  of  water  which  were  at  this  moment  in 
harmonious  movement  with  A  in  the  form  of  the  syr^tem  AkH.j,0,  in  the  next  instant 
may  have  already  succeeded  in  getting  free.  The  addition  of  water  or  of  molecules  of  A 
may  either  only  alter  the  numV>er  of  free  molecules,  which  in  their  turn  enter  into  systems 
AnH.yO,  or  they  may  hitroduce  conditions  for  the  possibility  of  building  up  new  systems 
AntH.^O,  where  ru  is  either  greater  or  less  than  n.  If  in  the  solution  the  relation  of  the 
molecule!)  Ite  the  same  as  in  the  system  AmH.,0^  then  the  addition  of  fresh  molecules  of 
water  or  of  A  would  be  followed  by  the  fonnation  of  new  molecules  Anii.>0.  The  relative 
quantity,  sUibility,  and  composition  of  these  systems  or  detinite  tompouuds  will  vary  in 
one  or  another  solution.  Such  a  view  of  solutions  came  to  me  from  a  most  intimate 
study  of  the  variation  of  their  specific  gravities,  to  which  my  bt>ok,  cited  in  note  19,  is 
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In  regarding  solutions  from  this  point  of  view  thej  come  under  the 
head  of  those  definite  compounds  which  chemistry  mainly  treats  ot'^ 
For  this  reason  we  will  direct  our  particular  attention  to  one  side  of 
the  subject  under  consideration,  which  touches  on  the  essential  property 

deTot«<L  Definite  compoandB,  j4/I|H^O  and  J-ntiH^O,  existing  in  a  free — for  instance, 
■olid — form,  may  in  certain  cases  be  held  in  solutions  in  a  dissociated  state  <  although  but 
partially) ;  they  are  similar  in  their  structure  to  those  definite  substances  which  are 
formed  in  solutions,  but  nothing  obliges  one  to  think  that  it  is  such  sy&temh  as,  for 
instance,  Xa2804  ♦  lOH^O,  or  Na2S04 -r  7lLjO,  or  Xa2S04,  that  are  contained  in  solu- 
iioDS.  The  comparatively  more  stable  systems  AniH^O  which  exist  in  a  free  state  and 
change  their  physical  state  must  present,  although  within  certain  limits  of  temperature, 
an  entirely  harmonious  kind  of  movement  of  A  with  niHjO ;  the  property  also  and  state 
of  systems  ^iiH^O  and  AmlLfi^  occurring  in  solutions,  is  that  they  are  in  a  liquid 
form,  although  partially  dissociated.  Substances  J i,  which  give  solutions,  are  distin- 
guished by  the  fact  that  they  can  form  such  unstable  systems  vlnH^O,  but  besides  them 
they  can  give  other  much  more  stable  systems  An iR^O.  Thus  ethylene,  CjHi,  in  dis- 
solving in  water,  probably  forms  a  system  CjH^nH^O,  which  easily  splits  up  into  C^H^ 
and  H^O,  but  it  also  gives  the  system  of  alcohol,  C2H4,H20  or  C^HgO,  which  is  compara- 
tively stable.  Thus  oxygen  can  dissolve  in  water,  and  it  can  combine  with  it,  forming 
peroxide  of  hydrogen.  Turpentine,  CjoHje,  does  not  dissolve  in  water,  but  it  combines 
with  it  in  a  comparatively  stable  hydrate.  In  other  words,  the  chemical  structure  of 
hydrates,  or  of  the  definite  compounds  which  are  contained  in  solutions,  is  distinguished 
not  only  by  its  original  jjeculiarities  but  also  by  a  diversity  of  stability.  A  similar  struc- 
ture to  hydrates  must  be  acknowledged  in  crystallo-hydrates.  On  melting  they  give  actual 
(real)  solutions.  Ah  substances  which  give  crystallo-hydrates,  like  salts,  are  capable  of 
forming  a  number  of  diverse  hydrates,  and  as  the  greater  the  number  of  molecules  of 
water  (n)  they  {AnllQO)  contain  the  lower  is  the  temperature  of  their  formation,  and  as 
the  more  easily  they  decompose  the  more  water  they  hold,  therefore,  in  the  first  place, 
the  isolation  of  hydrates  holding  much  water  existuig  in  aqueous  solutions  may  be 
soonest  looked  for  at  low  temperatures  (although,  perhaps,  in  certain  cases  they  cannot 
exist  in  the  solid  state) ;  and  secondly,  the  stability  also  of  such  higher  hydrates  will  be 
at  a  minimum  under  the  ordinary  circumstances  of  the  occurrence  of  liquid  water. 
Hence  a  further  more  detailed  investigation  of  cryohydrates  (note  58)  may  help  to  the 
elucidation  of  the  nature  of  solutions.  But  it  may  be  foreseen  that  certain  cryohydrates 
will,  like  metallic  alloys,  present  solidified  mixtures  of  ice  with  the  salts  themselves  and 
their  more  stable  hydrates,  and  others  will  be  definite  compounds. 

^0  The  above  representation  of  solutions,  Ac,  considering  them  as  a  particular  state 
of  definite  comi)ounds,  excludes  the  independent  existence  of  indefinite  comtK>undB ; 
by  this  means  that  unity  of  chemical  conception  is  obtained  which  cannot  be  arrived 
at  by  admitting  the  physico-mechanical  conception  of  indefinite  compounds.  The 
gradual  transition  from  typical  solutions  (as  of  gases  in  water,  and  of  weak  saline 
solutions)  to  sulphuric  acid,  and  from  it  and  its  definite,  but  yet  unstable  and  liquid, 
compounds,  to  clearly  definite  compounds,  such  as  salts  and  their  crystallo-hydrates, 
is  so  imperceptible,  that  by  denying  that  solutions  pertain  to  the  number  of  definite 
but  dissociating  compounds,  we  risk  denying  the  definiteness  of  the  atomic  com- 
{Kisition  of  such  substances  as  sulphuric  acid  or  of  molten  crystallo-hydrates.  I 
repeat,  however,  that  for  the  present  the  theory  of  solutions  cannot  be  considered  as 
firmly  established.  The  above  opinion  about  them  is  nothing  more  than  a  hyi>otliesis 
which  endeavours  to  satisfy  those  comparatively  limited  data  which  we  have  for  the 
present  aV>out  solutions,  and  of  those  cases  of  their  transition  into  definite  comi)ounds. 
By  submitting  solutions  to  the  Daltonic  conception  of  atomism,  I  hope  that  wo  may  not 
only  attain  to  a  general  harmonious  chemical  doctrine,  but  also  that  new  motives  for 
investigation  and  research  will  appear  in  the  problem  of  solutions,  which  must  either 
confinii  the  proposed  theory  or  replace  it  by  another  fuller  and  truer  one. 
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of  definite  compounds  as  a  class  to  whose  number  solutions  should  (or 
at  least,  may)  be  referred. 

We  saw  above  that  copper  sulphate  loses  four- fifths  of  its  water  at 
100"^  and  the  remainder  at  240°.  This  means  that  there  are  two  definite 
compounds  of  water  with  the  anhydrous  salt.  Washing  soda  or  car- 
bonate of  sodium,  NajCOj,  separates  out  as  crystals,  Na2C03,lCH20, 
containing  62*9  p.c.  of  water  by  weight,  from  its  solutions  at  the 
ordinary  temperature.  When  a  solution  of  the  same  salt  deposits  crystals 
at  a  low  temperature,  about  — 20°,  then  these  crystals  contain  71*8  parts 
of  water  per  28*2  parts  of  anhydrous  salt.  Further,  the  crystals  are 
obtained  together  with  ice,  and  are  left  behind  when  it  melts.  If 
ordinary  soda,  with  62*9  p.c.  of  water,  be  cautiously  melted  in  its  own 
water  of  crystallisation,  there  remains  a  salt,  in  a  solid  state,  containing 
only  14*5  p.c.  of  water,  and  a  liquid  is  obtained  which  contains  the  solu- 
tion of  a  salt  which  separates  out  crystals  at  34°,  which  contain  46  p.c. 
of  water  and  do  not  effloresce  in  air.  Lastly,  if  a  supersaturated  solu- 
tion of  soda  be  prepared,  then  at  temperatures  below  8°  it  deposits 
crystals  containing  54*3  p.c.  of  water.  Thus  there  are  known  as  many 
as  five  compounds  of  anhydrous  soda  with  water ;  and  they  are  dis- 
similar in  their  properties  and  crystalline  form,  and  even  in  their 
solubility.  We  will  mention  that  the  greatest  amount  of  water  in  the 
crystals  corresponds  with  a  temperature  of  20°,  and  the  smallest  to  the 
highest  temperature.  There  is  apparently  no  relation  between  the 
above  quantities  of  water  and  the  salts,  but  this  is  only  because  in  each 
case  the  amount  of  water  and  anhydrous  salt  was  given  in  percentages, 
but  if  it  be  calculated  for  one  and  the  same  quantity  of  anhydrous  salt, 
or  of  water,  a  great  regularity  will  be  observed  in  the  amounts  of  the 
component  parts  in  all  these  compounds.  It  appears  that  for  106  parts 
of  anhydrous  salt  in  the  crystals  separated  out  at  —  20°  there  are  270 
parts  of  water  ;  in  the  crystals  obtained  at  15°  there  are  180  parts  of 
water  ;  in  the  crystals  obtained  from  a  supersaturated  solution  126  parts, 
in  the  crystals  which  separate  out  at  34°,  90  parts,  and  the  crystals  with 
the  smallest  amount  of  water,  18  parts.  On  comparing  these  quantities 
of  water  it  may  be  easily  seen  that  they  are  in  simple  proportion  to  each 
other,  for  they  are  all  divisible  by  18,  and  are  in  the  ratio  15  :  10  :  7  :  5  : 1. 
Naturally,  direct  experiment,  however  carefully  it  be  conducted,  is 
hampered  with  errors,  but  taking  these  inevitable  errors  into  con- 
sideration, it  will  be  seen  that  for  a  given  quantity  of  an  anhydrous 
substance  there  occur,  in  several  of  its  compounds  with  water, 
quantities  of  "water  which  are  in  very  simple  multiple  proportion.  This 
is  observed  in,  and  is  common  to,  all  definite  chemical  compounds. 
This  rule  is  called  the  law  of  multiple  proportions.     It  was  discovered 
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by  Dalton,  and  will  be  evolved  in  detail  in  the  further  exposition  in 
this  work.  For  the  present  we  will  only  state  that  the  law  of  definite 
composition  enables  the  composition  of  substances  to  be  expressed  by 
formulae,  and  the  law  of  multiple  proportions  permits  the  application 
of  coefficients  in  a  weight  of  whole  numbers,  in  formulae.  Thus  the 
formula,  Na.^CO;,,  lOHgO,  directly  shows  that  in  this  crystallo-hydrate 
there  are  180  parts  of  water  to  106  parts  by  weight  of  the  anhydrous 
salt,  because  the  formula  of  soda,  NajCOa,  directly  answers  to  a  weight 
of  106,  and  the  formula  of  water  to  18  parts,  by  weight,  which  are  here 
taken  10  times. 

In  the  above  examples  of  the  combinations  of  water,  we  saw  the 
gradually-increasing  intensity  of  the  bond  between  water  and  a 
substance  with  which  it  forms  a  homogeneous  compound.  There  is  a 
series  of  such  compounds  with  water,  in  which  the  water  is  held  with 
very  great  force,  and  is  only  given  up  at  a  very  high  temperature,  and 
sometimes  cannot  be  separated  by  any  degree  of  heat  without  the  entire 
decomposition  of  the  substance.  In  these  compounds  there  is  generally 
no  outward  sign  whatever  of  their  containing  water.  A  perfectly  new 
substance  is  formed  from  an  anhydrous  substance  and  water,  in  which 
sometimes  the  properties  of  neither  one  nor  the  other  substance  are 
observable.  In  the  majority  of  cases,  a  considerable  amount  of  heat  is 
evolved  in  the  formation  of  such  compounds  with  water.  Sometimes 
the  heat  evolved  is  so  intense  that  a  red  heat  is  produced  and  light 
is  emitted.  It  is  hardly  to  l>e  wondered  at,  after  this,  that  stable 
compounds  are  formed  by  such  a  combination.  Their  decomposition 
requires  great  heat  ;  a  large  amount  of  work  is  necessary  to  separate 
them  into  their  component  parts.  All  such  compounds  are  definite, 
and,  generally,  completely  and  clearly  definite.  Tiie  number  of  such 
definite  compounds  with  water  or  hydrates,  in  the  narrow  scmse  of  the 
word,  is  generally  inconsiderable  for  each  anhydrous  substance  ;  in  the 
greater  number  of  cases,  there  is  formed  only  one  such  combination  of  a 
substance  with  water,  one  hydrate,  having  so  great  a  stability.  The 
water  contained  in  these  compounds  is  often  called  water  of  coiusfitution 
—  i.e.,  water  which  enters  into  the  structure  or  composition  of  the  given 
substance.  By  this  it  is  desired  to  express,  that  in  other  crises  the 
molecules  of  water  are  as  it  were  separate  from  the  molecules  of  that 
substance  >vith  which  it  is  combined.  It  is  supposed  that  in  the  forma- 
tion of  hydrates  this  water,  even  in  the  smallest  particles,  forms  one 
complete  whole  with  the  anhydrous  substance.  Many  examples  of 
the  formation  of  such  hydrates  might  be  cited.  The  most  familiar 
example  in  practice  is  the  hydrate  of  lime,  or  so-called  *  slaked '  lime. 
Lime  is  prepared  by  burning  limestone,  by  which  the  carbonic  anhydride 
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is  expelled  from  it,  and  there  remains  a  white  stony  mass,  which  is 
dense,  compact,  and  rather  tenacious.  Lime  is  usually  sold  in  this 
form,  and  bears  the  name  of  *  quick  '  or  *  unslaked  *  lime.  If  water  be 
poured  over  such  lime,  a  great  rise  in  temperature  is  remarked  either 
directly,  or  after  a  certain  time.  The  whole  mass  becomes  hot,  part  of 
the  water  is  evaporated,  the  stony  mass  in  absorbing  water  crumbles  into 
powder,  and  if  the  water  be  taken  in  sufficient  quantity  and  the  lime 
be  pure  and  well  burnt,  not  a  particle  of  the  original  stony  mass  is  left — 
it  all  crumbles  into  powder.  If  the  water  be  in  excess,  then  naturally 
a  portion  of  it  remains  and  forms  a  solution.  This  process  is  called 
'slaking*  lime.  Slakeil  lime  is  used  in  practice  in  intermixture  with 
sand  as  mortar.  Slaked  lime  is  a  definite  hydrate  of  lime.  If  it  is 
dried  at  100®  it  retains  24*3  p.c.  of  water.  This  water  can  only  be 
expelled  at  a  temperature  above  400®,  and  then  quicklime  is  re-obtained. 
The  heat  evolved  in  the  combination  of  lime  with  water  is  so  intense 
that  it  can  set  fire  to  wood,  sulphur,  gunpowder,  etc.  Even  on  mixing 
lime  with  ice  the  temperature  rises  to  100°.  If  lime  be  melted  with  a 
small  quantity  of  water  in  the  dark,  a  luminous  effect  is  observed.  But, 
nevertheless,  water  may  still  be  separated  from  this  hydrate.^*  If 
phosphorus  be  burnt  in  dry  air,  a  white  substance  called  *  phosphoric 
anhydride  '  is  obtained.  It  combines  with  water  with  such  energy,  that 
the  experiment  must  be  conducted  with  great  caution.  A  red  heat  is 
produced  in  the  formation  of  the  compound,  and  it  is  impossible  to 
separate  the  watei*  from  the  resultant  hydrate  at  any  temperature. 
The  hydi-ate  formed  by  phosphoric  anhydride  is  a  substance  which  is 
totally  undecomposable  into  its  original  component  parts  by  this  action 
of  heat.  Almost  as  energetic  a  combination  occurs  when  sulphuric 
anhydride,  SO3,  combines  with  water,  forming  its  hydrate,  sulphuric 
acid,  HgSO,.  Jn  both  cases  definite  compounds  are  produced,  but 
the  latter  sul>stance,  as  a  liquid,  and  capable  of  decomposition  by  heat, 
giving  off  the  vapour  of  its  volatile  anhydride  even  at  the  ordinary 
temperature,  forms  an  evident  link  with  solutions,  and,  with  an 
excess  of  water,  it  gives,  as  a  soluble  substance,  a  true  solution. 
If  80  parts  of  sulphuric  anhydride  retain  18  parts  of  water,  this 
water  cannot  he  separated  from  the  anhydride,  even  at  a  tempera- 
ture of  300°.  It  is  only  by  the  addition  of  phosphoric  anhy- 
dride, or  by  a  series  of  chemical  transformations,  that  this  water  can  be 
separated  from  its  compound  with  sulphuric  anhydride.     Oil  of  vitriol, 

"•  In  combining  with  water  ono  part  by  weiglit  of  lime  evolveH  245  units  of  heat.  A 
hijjli  teini)eriiture  is  o])trtinefl,  btH.ausc  the  specific  heat  of  tlie  resulting  product  is  small. 
Sodium  oxide,  Na-iO,  in  reacting  on  water.  H3O,  and  fonning  caustic  t;<Hla  (Ko<iiuni 
liydroxide),  NaHO,  evolves  552  units  of  heat  for  each  part  Ijy  weight  of  sodium  oxide. 
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or  sulphuric  acid,  is  such  a  compound.  If  a  larger  proportion  of  water 
be  taken,  it  will  combine  with  the  H2SO4  ;  for  instance,  if  36  parts  of 
water  per  80  parts  of  sulphuric  anhydride  be  taken,  a  compound  is 
formed  which  crystallises  in  the  cold,  and  melts  at  +  8°,  whilst  oil  of  vitriol 
does  not  solidify  at  even  — 30°.  If  still  more  water  be  taken,  the  oil  of 
vitriol  will  dissolve  in  the  remaining  quantity  of  water.  An  evolution 
of  heat  takes  place,  not  only  on  the  addition  of  the  water  of  constitu- 
tion, but  in  a  less  degree  on  further  additions  of  water."'  And 
therefore  there  is  no  distinct  boundai*y,  but  only  a  gradual  transition, 
between  those  chemical  phenomena  which  are  expressed  in  the  forma- 
tion of  solutions  and  those  which  take  place  in  the  formation  of  the 
most  stable  hydrates. ^^ 

T*  The  diagram  given  in  note  28  shows  the  evolution  of  heat  on  the  mixture  of 
Bulphnric  acid,  or  mono-hydrate  (H2SO4,  i.e.  SO5  +  H^O),  with  different  quantitieH  of  water 
I)erlOO  vols,  of  the  resultant  solution.  Per  98  grams  of  sulphuric  acid  (H^SO^)  there  are 
evolved,  on  the  addition  of  18  grams  of  water,  6,879  units  of  heat ;  with  double  or  three 
times  the  quantity  of  water  9,418  and  11,187  units  of  heat,  and  with  an  infinitely  large 
quantity  of  water  17,8fi0  units  of  heat,  according  to  the  determinations  of  Thomsen.  He 
also  showed  that  when  H0SO4  is  formed  from  8O5  (  =  80)  and  H^O  (  =  18),  21,308  units  of 
heat  are  evolved  per  98  parts  by  weight  of  the  resultant  sulphuric  acid. 

'^  Thus,  for  different  hydrates  the  stability  with  which  they  hold  water  is  very  dis- 
similar. Certain  hydrates  hold  water  very  loosely,  and  in  combining  with  it  evolve 
little  heat.  From  other  hydrates  the  water  cannot  be  separated  by  any  degree  of  heat, 
even  if  they  are  formed  from  anhydrides  {i.e.,  anhydrous  substances)  and  water  with 
little  evolution  of  heat ;  for  instance,  acetic  anhydride  in  combining  with  water  evolves  an 
inconsiderable  amount  of  heat,  but  the  water  cannot  then  be  expelled  fnwn  it.  If  the 
hydrate  (acetic  acid)  formed  by  this  combination  be  strongly  heated  it  either  volatilises 
without  change,  or  decomposes  into  new  substances,  but  it  does  not  again  yield  the  original 
substances — i.e.,  the  anhydride  and  water.  Here  is  an  instance  which  gives  the  reason 
for  calhng  the  water  entering  into  the  composition  of  the  hydrate,^  water  of  constitution. 
Such,  for  example,  is  the  water  entering  into  the  so-called  caustic  soda  or  sodium 
hydroxide  (see  note  71).  But  there  are  hydrates  which  easily  part  with  their  water;  yet 
this  water  cannot  be  considered  as  water  of  crystallisation,  not  only  because  sometimes 
such  hydrates  have  no  crystalline  form,  but  also  because,  in  perfectly  analogous  cases, 
very  stable  hydrates  are  formed,  which  are  capable  of  particular  kinds  of  chemical 
reactions,  as  we  shall  learn  afterwards.  In  a  word,  there  is  not  a  distinct  boundary 
either  between  the  water  of  hydrates  and  of  crystallisation,  or  between  solution  and 
hydration. 

It  must  be  observed  that  in  separating  from  an  aqueous  solution,  many  substances, 
without  haWng  a  crystalline  form,  hold  water  in  the  same  unstable  state  as  in  crystals ; 
only  this  water  cannot  be  termed  '  water  of  crystallisation '  if  the  substance  which 
separates  out  has  no  crystalline  form.  The  hydrates  of  alumina  and  silica  are  examples 
of  such  unstable  hydrates.  If  these  substances  are  separated  from  an  aqueous  solu- 
tion by  a  chemical  process,  then  they  always  contain  water,  and  when  dried  at  a 
definite  temperature,  so  that  the  hygroscopic  water  may  pass  off,  these  substances  hold 
water  in  a  definite  proportion.  The  formation  of  a  new  chemical  compound  containing 
water  is  here  particularly  evident,  for  alumina  and  silica  in  an  anhydrous  stats  have 
properties  differing  from  those  they  show  when  combined  with  water,  and  do  not  combine 
directly  with  it.  The  entire  series  of  colloids  on  separating  from  water  form  similar 
compounds  with  it,  which  have  the  aspect  of  solid  suV)Rtances  generally,  without  crystal- 
line structure.     Besides  which,  colloids  retain  water  in  other  different  states  [sec  notes  57 
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We  have  thus  considered  many  aspects  and  degrees  of  combination 
of  various  substances  with  water,  or  instances  of  the  compounds  of 
water,  when  it  and  other  substances  form  new  homogeneous  substances, 
which  in  this  case  will  evidently  be  complex — i.e.,  made  up  of  different 
substances — and  although  they  are  homogeneous,  yet  it  must  be  admitted 
that  in  them  there  exist  those  component  parts  which  entered  into  their 
composition,  inasmuch  as  these  parts  may  be  re-obtained  from  them.  It 
must  not  be  imagined  that  water  really  exists  in  hydrate  of  lime,  any 
more  than  that  ice  or  steam  exists  in  water.  When  we  say  that  water 
occurs  in  the  composition  of  a  certain  hydrate,  we  only  wish  to  point 
out  that  there  are  chemical  transformations  in  which  it  is  possible  to 
obtain  that  hydrate  by  means  of  water,  and  other  transformations  in 
which  this  water  may  be  separated  out  from  the  hydrate.  This  is  all 
simply  expressed  by  the  words,  that  water  enters  into  the  composition 
of  this  hydrate.  If  a  hydrate  be  formed  by  feeble  bonds,  and  be  decom- 
pose at  even  the  ordinary  temperature,  then  the  water  appears  as  one 
of  the  products  of  dissociation,  which  in  all  likelihood  is  the  case  in 
solutions,  and  forms  the  fundamental  distinction  between  them  and 
other  hydrates  in  which  the  water  is  combined  with  greater  stability 
and  forms  a  solid  substance. 

and  18),  and  most  often  form  gelatinous  masses.  Water  is  held  in  a  considerable  quan- 
tity in  solidified  glue  or  boiled  albumin.  It  cannot  be  expelled  from  them  by  pressure ; 
hence,  in  this  case  there  has  ensued  some  kind  of  combination  of  the  substance  with  water, 
This  water,  however,  is  easily  separated  by  drying ;  but  not  the  whole  of  it,  a  portion 
being  retained,  and  this  portion  belongs,  as  they  say,  to  the  hydrate,  although  in  this 
case  it  is  very  difficult,  if  possible,  to  obtain  definite  compounds.  The  absence  of  any 
distinct  boundary  lines  between  solutions,  crystallo-hydrates,  and  ordinary  hydrates 
above  referred  to,  is  very  clearly  seen  in  such  examples. 
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CHAPTER   II 

THE   COMPOSITION   OP    WATER,    HYDROGEN 

The  question  now  arises,  Is  not  water  itself  a  compound  sultstmice  ? 
Cannot  it  be  formed  by  the  mutual  combination  of  some  component 
parts  ?  Car.nut  it  be  broken  up  into  its  component  parts  ?  There  can- 
not be  the  least  doubt  that  if  it  does  split  up,  and  if  it  is  a  compound, 
then  it  is  a  definite  one  characterised  by  the  stability  of  the  union 
between  those  component  parts  from  which  it  is  formed.  From  the 
fact  alone  that  water  passes  into  all  physical  states  as  a  homogeneous 
whole,  without  in  the  least  varying  in  its  pi-operties  and  without  split  • 
ting  up  into  its  component  parts  (neither  solutions  nor  many  hydrates 
can  be  distilled  —  they  are  split  up),  we  must  already  conclude,  from  this 
fact  alone,  that  if  water  is  a  compound  then  it  Ls  a  stable  and  definite 
chemical  compound.  Like  many  other  great  discoveries  in  the  province 
of  chemistry,  it  is  to  the  end  of  the  last  century  that  we  are  indebted 
for  the  important  discovery  that  water  is  not  a  simple  substance,  that 
it  is  composed  of  two  substances  like  a  number  of  other  compound  sub- 
stances. This  was  proved  by  two  of  the  methods  by  which  the  com- 
pound nature  of  bodies  may  be  deteimiued  as  self-evident  ;  by  analysis 
and  by  synthesis  -that  is,  by  a  method  of  the  decomposition  of  water 
into,  and  of  the  formation  of  water  from,  its  component  parts.  In  1 781 
Cavendish  first  obtained  water  by  burning  hydrogen  in  oxygen,  both  of 
which  gases  were  already  known  to  him.  He  concluded  from  this  that 
water  was  composed  of  two  substances.  But  he  did  not  make  more 
accurate  experiments,  which  would  have  shown  the  relative  quantities 
of  the  component  parts  in  water,  and  which  would  have  determined  its 
complex  nature  with  certfiinty.  Although  his  experiments  were  the 
first,  and  al  though  the  conclusion  he  drew  from  them  was  true,  yet  such 
novel  ideas  as  the  complex  nature  of  water  are  not  easily  recognised  so 
long  as  there  is  no  series  of  I'esearches  which  entirely  and  indubitably 
proves  the  truth  of  such  a  conclusion.  The  fundamental  experiments 
which  proN  ed  the  complexity  of  water  by  the  method  of  synthesis,  and 
of  its  formation  from  other  substances,  were  made  in  1789  by  Monge, 
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I  I«\'okier,  Fourcroy,  and  Vaoquelin.  They  obtained  four  ounces  of 
r  liy  burning  hydrogen,  and  found  that  wnter  consists  of  15  pitrt» 
I  of  hydrogen  and  85  parts  of  oxygen.  It  was  also  proved  that  the 
I  weight  of  wat«r  formed  was  equal  to  the  sum  of  the  weights  of  the 
I  component  parts  entering  into  its  composition  ;  consequently,  water  oon- 
I  tHin^allthe  matter  entering  into  oxygen  and  hydrogen.  The  com- 
iplexity  of  water  was  proved  in  this  manner  by  a.  method  of  synthesis. 

■  But  we  will  turn  to  its  analysis— i.e.,  to  its  decomposition  into  its  com- 
Kponent  purts.  The  analysis  may  be  more  or  less  complete.  Either 
■both  component  parts  may  be  obtained  in  a  separate  state,  or  else 

■  only  one  is  separated  and  the  other  is  converted  into  a  new  componud 
^iu  whieh  its  amount  may  be  determined  by  weighing.     This  will  be  a 

1  of  substitution,  such   as   is   often   taken   advantage   of   for 
ttlysis.     The  first  analysis  of  wat«r  was  thus  conducted  in  1784  by 
KlAvoisier  and  Meusnier.     The  apparatus  they  arranged  consisted  of  a 
s  retort  eontauiing  water,  naturally  purified,  and  whose  weight  had 
(been  previously  determined.     The  neck  of  (he  retort  was  inserted  into 
E»  porcelain  tul>e,  placed  inside  an  oven,  and  heated  to  a  red  heat  by 
larcoal.     Iron  filings,  which  decompose  water  at  a  red  heat,  were 
1  inside  this  tube.     The  end  of  the  tube  was  connected  with  a 
ni,  for  condensing  any  water  which  might  pass  through  the  tube 
nndecomposed.    This  condensed  water  was  collected  in  a  separate  flask. 
The  gas  formed  by  the  decomposition  was  collected  over  a  water  bath 
in  a  Ijell  Jar.     The  aqueous  vaponr  in  passing  over  the  red-hot  iron  was 
^decomposed,    and  a  gas  was  formed  from  it  whose  weight  could  be 
termined  from  its  volume,  its  density  1>eing  known,     Besides  the 
prater  which  passed  through  the  tube  unaltered,  a  certain  quantity  of 
'"water  disappeared  in  the  experiment,  and  this  quantity,  in  the  experi- 
ments of  Lavoisier  and  Meusnier,  was  equal  to  the  weight  of  the  gas 
which  was  collected  in  the  hell  jar  plus  the  increase  in  weight  of  the 
iron  filings.     Hence  the  water  was  decomposed  into  a  gas,  which  was 
collected  in  the  bell  jar,  and  a  substance,  which  combined  with  the 
iron  ;  consequently,  it  is  composed  of  these  two  component  parts.     This 
was  the  first  analysis  of  water  ever  made  ;  but  here  only  one  (jind  not 
both)  of  the  gaseous  component  parts  of  water  was  collected  separately. 
Both  the  component  parts  of  water  can,  however,  be  simultaneously 
obtained  in  a  free  state.    For  this  purpose  the  decomposition  is  brought 
>OUt  by  a  galvanic  current  or  by  heat,  as  we  shall  learn  directly.' 


I  The  Bnt  eiperiiiientB  of  tlie  >julJii«Hi>i  mid  decompoHilion  i 
'er,  nil  entirely  convincm^  pnxff  (JlkI  tvuler  wha  coDipowid  ni 
Dftvy,  who  inTHBtigatvd  the  dHCouipiisitiim  ii(  water  b; 
'      1  long  time  that,  Iwiidea  (lie  gaxei..  mi  ucid  and  alki 


liydrogen  and  OKygeti 


I 
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Water  is  a  bad  conductor  of  electricity — that  is,  pure  water  does 
not  transmit  a  feebln  current  :  but  if  any  stilt  or  acid  t>e  dissolved  in 
it,  then  its  conductivity  increases,  and  on  the  fHtustig"  of  a  current 
througli  acidified  water  i(  in  deeomptised  into  its  component  parts. 
Some  sulphuric  acid  is  generally  added  to  the  water.  By  immersing 
platinum  platfis  (electrodes)  in  tliia  water  (platinum  is  chosen  because 
it  is  not  acted  on  by  acids,  whilst  many  other  metals  are  chemically 
acted  on  by  ncids),  nnd  connecting  them  with  a  galvanic  battery,  it 
will  be  observed  that  bubbles  of  gas  appear  on  these  plates.  The  gas 
which  separates  is  called  liflnnating  fftu*,*  because,  on  apprtiacbing  a 
light,  it  very  easily  explodes.'  What  takes  place  is  as  follows  :-  -First, 
the  water,  by  the  action  of  the  current,  is  decomposed  into  two  gases. 
The  mixture  of  these  gases  forms  detonating  gas.  When  detonating 
gas  is  brought  into  contact  with  an  incandescent  substance — for  instance, 
a  lighted  taper^the  gases  re-combine,  forming  water,  the  combination 
being  accompanied  by  a  great  evolution  of  heat,  and  therefore  the 
vapour  of  the  water  former!  expands  considerably,  which  it  does  very 
rapidly,  and  as  a  consequence  of  which  an  explosiiin  takes  pUce  -that 
is,  sound  and  increase  of  pressure,  and  atmospheric  commotion,  as  in 
the  explosion  of  gunpowder. 

In  order  to  discover  what  gases  are  obtained  by  the  deeom- 
jjosition  of  water,  the  gases  which  separate  at  each  electrode  must 
be  collected  separately.  For  this  purpose  a  V-shaped  tube  is  taken  ; 
one  of  its  ends  is  open,  and  the  other  fused  up.  A  platinum  wire, 
terminating  inside  the  tube  in  a  plate,  is  fused  into  the  closed  eud  ; 

Hu  wan  only  convinced  of  the  Fnct  that  water  containa  nutbiiig  but  bydro^tin  Atic)  OKygen 
b;  a  long  eeriea  ol  rasearcheB,  which  showed  him  that  the  appearance  of  an  ncid  lind 
alkali  in  the  decomposition  of  water  proceeds  [rom  the  presence  ot  impnrities  leapeoiallr 
tram  tbe  presence  of  anuaonimn  nilnte)  in  water.  A  G mil  nnderslAn ding  of  tbe  oom- 
position  of  water  ii  obiuned  from  the  detAnnination  of  the  quantities  of  the  component 
porta  which  enter  into  its  composition.  It  will  be  seen  From  this  how  many  data  are 
neoeBHftry  toe  proving  the  compoeition  of  water — th»l  is,  of  the  Iran sforroati one  o( 
which  it  is  oapahle.  What  ban  been  BBJd  of  water  refers  to  all  other  TOmpouniis;  Oie 
invBBtigation  of  euoh  one,  the  entire  proof  ot  its  composition,  can  only  be  obtained  by  the 
jtutapoHibion  of  &  large  mass  of  data  roferring  to  it- 

■  This  gat  is  collected  in  a  valtaioeter, 

!  In  order  to  obBerve  this  eiplasion  without  the  alighest  danger,  it  Is  beat  to  proceed 
in  the  following  manner.  Some  soapy  water  ia  prepared,  so  thai  it  easily  forms  soap 
buhblea,  and  it  is  poured  into  an  iron  (rougb.  In  Uiis  water,  theendof  u  gas-condncting 
lube  is  immersed.  This  tube  is  connected  with  any  auituble  apparatas.  in  which 
detonating  gas  is  evolved.  Soap  btibbles.  (nil  of  this  gaH,  are  then  formed.  It  the 
apparatiu  in  which  the  gas  is  prodnced  be  then  removed  (otlierwise  tlie  explosion  might 
travel  into  tlie  interior  of  this  apparatus),  and  a  lighted  taper  'ne  brought  to  the  soap 
bubbles,  a  very  sharp  eiqiloaion  takes  place.  The  bubbleg  aliduld  be  small  to  avoid  any 
danger;  ten,  each  about  tlie  siie  of  a  pea,  suffice  to  give  a  (iharji  n*|«>rt,  like  a  pislol 
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^HQie  cirwed  end  is  entirely  filled  with  w«t*r  '  Hciditied  with  Bulphunc 
^^■Kiid,  and  another  pUtinuni  wii-e,  terminating  in  a  plate,  is  immersed  in 
^"  the  open  end.  If  a  current  from  a  ^vnnic  battery  be  now  passed 
thniugh  the  wires  an  evolution  of  gases  will  be  observed,  and  the  ftaa 
which  is  obtained  in  the  open  brani;h  mixes  with  the  air,  while  that  in 
the  closed  branch  accumulates  abovp  the  water.  Aa  thia  gas  accumu- 
lates it  displaces  the  water,  which  continues  to  descend  in  the  closed 
and  ascend  into  the  open  branch  of  the  tubes.  When  the  water,  in 
this  way,  re;iches  the  top  of  the  open  end,  the  passage  of  the  current  is 
stopped,  and  the  gas  which  was  evolved  from  one  of  the  electrorles  only 
is  obtainpil  in  the  apparatus.  By  this  nipjins  it  is  easy  to  prove  that  a 
particular  gas  appears  at  each  electrode.  If  the  closed  end  be  con- 
nected with  the  negative  pole — i.e.,  with  that  joined  to  the  zinc— then 
the  gas  collected  in  the  apparatus  is  capable  of  burning.  This  may  be 
demonatratj^d  by  the  following  experiment : — The  bent  tube  is  taken 
off  the  stand,  and  its  open  end  stopped  up  with  the  thumb  and  inclined 
in  such  a  manner  that  the  gas  passes  from  the  closed  to  the  open  end. 
It  will  then  be  found,  on  applying  a  lighted  lamp  or  taper,  that  the 
gas  bums.  This  combustible  gas  is  hi/drogen.  If  the  same  experiment 
be  carried  on  with  a  current  passing  in  the  opposite  direction^ that  is, 
if  the  closet!  end  be  joined  up  with  the  positive  pole  (i.e.,  with  the 
carb<)n,  copper,  or  platinum),  then  the  gas  which  is  ei'olved  from  it  does 
not  bum  of  itself,  but  it  Bupj)Oita  conibuBtion  very  vigorously,  so  tliat 
in  it  a  smouldering  taper  immediately  bursts  into  flame.  Thia  gas, 
which  is  collected  on  the  anode  or  positive  pole,  is  nxt/gen,  which  is 
obtained,  as  we  saw  before  (in  the  Introduction),  from  mercury  oxide 
and  is  contained  in  air. 

Thus  in  the  decomposition  of  water  oxygen  appears  at  the  positive 
pole  and  hydrogen  at  the  negative  p"le,  so  that  detonating  gas  will  be 
a  mixture  of  them  both.  Hydrogen  burns  in  air  from  the  fact  that  in 
doing  so  it  re-forms  water,  with  the  oxygen  of  the  air.  Detonating 
gas  explodes  from  the  fact  that  the  hydrijgen  burns  in  the  oxygen 
mixed  with  it.  It  is  very  easy  to  menGui'e  the  relative  quantities  of  one 
and  the  other  gas  which  are  evolved  in  the  decomposition  of  water. 
For  this  purpose  a  funnel  is  taken,  whose  orifice  is  closed  by  a  cork 
through  which  two  platinum  wires  pass.  These  wires  are  connected 
with  a  battery.  Acidified  water  is  poured  into  the  funnel,  and  a  glass 
cylinder  full  of  water  is  placed  over  the  end  of  each  wire  (fig.  18). 
On  passing  a  current,  hydrogen  and  oxygen  collect  in  these  cylinders, 
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and  it  will  easily  be  seen  that  two  volumes  of  hydrogen  are  evolved  for 
every  one  volume  of  oxygen.     This  signifies  that,  in  decomposing,  wat«r 
gives  two  volumes  of  hydrogen  and  one  volume 
of  oxygen. 

Water  is  also  decomposed   into  its  com- 
ponent parts  by  tli«  action  of  he.ai.     At  the 
melting  point  of  silver  (9fiO°),  and  in  its  pre- 
sence, water  is  det-omposed  and  the  oxygen 
absorljed  by  the  molten  silver,  which  dissolves 
it  so  lon^r  as  it  is  liquid.     But  directly  the 
silver  solidities  the  oxygen  ia  expelled  from  it. 
However,  this  esperiraent  is  not  entirely  con- 
vincing ;  it  might  be  thought  that  in  this  case 
the  decomposition  of  the  water  did  not  proceed 
from  the  action  of  heat,  but  from  the  actioTi 
of  the  silver   on    water^that  silver  decom- 
^"bT^iir'*SX»Kc''™"' r"ror  poses  water,  taking  up  the  oxygen.     It  is  im- 
dMrnnMng  ii.B  reuiioii^  ir-  possible  to  directly   show  the  decomposition 
noli  oij'gTn.  of  water  by  the  action    of  heat,   because  the 

component  parts  of  water,  if  they  remain 
together,  re-combine  with  a  fall  of  temperature,  and  give  water  back 
again.  For  instance,  if  stejim  be  passed  through  a  red-hot  tube, 
whose  internal  temperature  attains  1,000°,  then  apoitiim''  of  the  water 
decomposes  into  its  component  parts,  forming  detonating  gas.  But  on 
passing  into  the  cooler  portions  of  the  apparatus  this  detonating  gas 
again  reunites  and  forms  water.  The  hydrogen  and  oxygen  obtained 
combine  together  at  n,  lower  temperature.''     Apparently  the  problem — 

>  Ab  w»l«r  it  (ormed  bj  thecombinnlion  ol  oiygeu  (ind  hydrogen,  the  renctimi  svolving 
much  heat,  and  bi  it  con  also  be  dec<>nttx>»d.  therefore  thii  retictian  in  a.  reveraibla  ' 
one  (tff  Introduction),  and  conseqaently  at  a  high  tempenitare  tlie  deconipoaition  of 
water  cannot  be  complete — it  is  limited  by  the  oppoiite  reaction.  Strictly  Bpeaking,  it  is 
not  kno\Tnhow  much  water  is  decompoBod  at  •  given  lemperatnre,  ttlthoaghmajiyaaort* 
(Bonaen,  and  otbeml  have  been  madts  in  varioos  diroctiona  to  solve  tbia  qoeBtion.  Not 
knowing  the  coefticient  ol  expansion,  and  the  specific  beat  of  gaaen  at  Buch  high  tem- 
peratniHS,  renders  all  calculations  [ttom  observations  of  the  pieBsnre  on  eiploaion)' 
donbtfnl. 

■  Orore,  abont  184(1,  obaened  that  a  platinum  wire  (naed  in  (he  Hazne  at  detonating 
gaa — that  ia,  hHriiig  acquired  the  teutperature  of  the  fomiatinn  of  water — and  having' 
tanned  a  molten  drop  at  its  end  which  fell  into  water,  eroWed  detonating  gas — (hat 
ia,  decomposed  water.  It  therefore  toUowa  that  water  already  decomposes  at  the  tem- 
perature of  its  tormation.  At  that  time,  this  formed  a  scientific  paradox ;  this  we  shall 
nnrarel  only  with  the  derelopmeut  of  the  cuuceptinns  of  dissociation,  introdaced  into 
science  by  Henri  Sainte-Claire  Deville,  abont  IHGO.  These  conceptions  lonn  an  im- 
portant epoch  in  science,  and  their  development  is  one  of  the  problems  of  contemporary 
chemiHtry-  The  essence  of  the  matter  is  tb&t,  at  high  temperatures, water  exists  bntalso 
decomposes,  jnst  at  a  kolatile  liquid,  at  H  ceitnin  temperaLnre,  exists  both  as  a  liqaidand 
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■  to  show  the  (lecomposability  of  water  nt  high  touiperatures  —  is  un- 
lattaiuabltj.  It  was  considered  a.a  such  beforR  Henri  Samt«-Claire 
I  Deville  (in  the  fifties)  introduced  the  conception  of  dissociation  into 
I  diemistry,  n.a  of  a  cliange  of  chemieil  state  resemblinj;  evaporation,  if 
t  d€«ompositiim  be  likened  to  boiling,  and  before  he  had  demonstrated 
I  the  deconiposability  of  water  by  the  action  of  heat  in  tin  experiment 
I  which  will  presently  lie  described.  In  order  to  demonstrate  clearly  the 
tlir/H  of  water,  or  its  decomposability  by  heat,  at  a  temperature 
I  approaching  that  at  which  it  is  formed  (as  a  volatile  li(]uid,  at  a  given 
r  temperature,  can  be  either  in  a  licjuid  or  vaporous  condition)  it  was 
B'Aecessary  to  separate  the  hydrogen  from  the  oxy^'en  at  a  high  tempe- 
l.jvture,  without  allowing  the  mixture  to  cool.  Deville  took  advantage 
if  the  difference  between  the  densities  of  hydrogen  and  oxygen. 

A  wide  porcelain  tube  p  (fig,  19)  is  placed  in  a  furnace  giving  a 


u  lennuting  chrvugb  a  poniu  tube. 


strong  he«t  (it  should  be  heate<l  with  small  pieces  of  goixl  coke).  In 
this  tube  there  is  inserted  a  secoiul  tube  T,  of  less  diameter,  and  mode 
of  unglozed  earthenware  and  therefore  porous.  The  ejids  of  the  tube 
are  luteil  to  the  wide  tube,  and  two  tabes,  c  and  c',  are  inserted  into 
the  ends,  as  shown  in  the  drawing.  With  this  arrangement  it  is 
possible  for  a  gas  to  pass  into  the  aonular  space  between  the  walls 
of  the  two  tubes,  from    whence   it  can   he  collected.     Steam  from 


SiDiilu'ly  H  ft  Vdltlile  liquid  mtDmlvB  h  apiu»,  uttiuuing  its  maiimoui 
iH,  Ifae  produdti  utf  <liiwfciiiti»ii  luve  their  mjuimnni  lennion,  utd  once  that  i* 
ompositioD  ceascH,  just  ■■  evii[ionition  cmsea.  Under  like  coDditioni,  it 
I  allowwito  eHupe|iindtlMre[ore>tapM:tial|jreHarebadiimiUBbed),eTiipi]Cft- 
meet,  no  alio  it  thH  products  nl  decomponitioD  be  removod,  decompMition 
w»,  Thxw  BiBi[<l«  iiuni'BptlDUB  of  diaawintioii  iiitmdUHi  mHnitvly  varied 
^  reiLcliDiiH,  mid  therefore  we  ahall  have 


.0  them  TBTf  ul 
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a  retort  or  flask  is  pnssed  through  the  tube  d,  Into  the  internal  porous 
tube  T.  This  ateAm  on  entering  the  red  hot  space  ia  decomposed  into 
hydrogen  and  oxygen.  The  densities  of  these  ga.«es  are  very  different, 
hydrogen  being  sixteen  tiniea  lighter  tlian  oxygen.  Light  gases,  as  n-e 
s)iw  ftlwve,  pebetrato  through  porous  surfaces  very  much  more  rapidly 
than  denser  gases,  and  therefore  the  hydrogen  passes  through  the  pores 
of  tlie  tube  into  the  annular  .space  very  much  more  rapidly  than  the 
oxygen.  The  hydrogen  which  sefurates  out  into  the  amiular  space 
can  only  be  collected  when  this  space  does  not  contain  any  osygen. 
If  any  air  remains  in  this  space,  then  the  hydrogen  which  sepaj^tes 
out  will  combine  with  its  oxygen  and  form  water.  For  this  reason  & 
gas  incapable  of  supporting  combustion — for  instJince,  nitrogen— is  pre- 
viously passed  in  the  annular  space.  Thus  the  nitrogen  is  passed 
through  the  tube  c,  and  the  hydrogen,  separated  from  the  steam,  is 
collected  through  the  tube  c',  aud  will  be  partly  mixed  with  nitrogen. 
A  certain  portion  of  the  nitrogen  will  penetrate  through  the  pores  of 
the  unglazed  tube  into  the  interior  of  tlie  tube  T.  The  oxygen  will 
remain  in  this  tube,  and  the  volume  of  the  I'emaining  oxygen 
will  be  half  that  of  the  volume  of  hydrogen  which  separates  out  from 
the  annular  space.  Part  of  the  oxygen  will  also  penetrate  through 
the  pores  of  the  tube  ;  but,  as  was  said  before,  a  much  smaller  quan- 
tity than  the  hydrogen,  and  as  the  density  of  oxygen  is  sixteen 
times  greater  than  that  of  hydrogen,  the  volume  of  oxygen  which 
passes  through  the  porous  walls  will  be  four  times  less  than  the  volume 
of  hydrogen  (the  quantities  of  gases  passing  through  porous  walls  are 
inversely  proportional  to  the  square  roots  of  their  densities).  The 
oxygen  which  separates  out  into  the  annular  space  will  combine,  at  a 
certain  fall  of  temperature,  with  the  hydrogen  ;  but  as  each  volumfe  of 
oxygen  only  requii-es  two  volumes  of  hydrogen,  whilst  at  least  four 
volumes  of  hydrogen  will  pass  thi'ough  the  porous  walla  for  every 
volume  of  oxygen  that  passes,  therefore,  part  of  the  hydrogen  will 
remain  free,  and  can  be  collected  from  the  annular  space.  A  corre- 
sponding quantity  of  oxygen  remaining  from  the  decomposition  of  the 
water  can  l>e  collected  from  the  internal  tube. 

The  decomposition  of  water  is  produced  much  more  easily  by  a 
method  of  substitution,  taking  advantage  of  the  affinity  of  substances 
for  the  oxygen  or  the  hydrogen  of  water.  If  a  substance  be  added  to 
water,  which  takes  up  the  oxygen  and  replaces  the  hydrogen — then  we 
shall  obtain  the  latter  gas  from  the  water.  Thus  with  sodium,  wat«r 
gives  hydrogen,  and  with  chloiine,  which  takes  up  the  hydrogen, 
oxygen  is  obtained. 

Hydrogen  is  evolved  from  water  by  many  metala,  which  are  capable 


r 
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of  forming  oxides  (rusta  or  earths,  asStahl  called  them)  in  air— that  is, 
wliich  are  capable  of  burning  or  conibiHiDg  with  oxygen.  The  capacity 
of  metals  for  combining  with  oxygen,  and  therefore  for  decouipoaing 
L  water,  or  for  the  evolution  of  hydrogen,  ia  very  diasiniilar.'  Among 
■  wetala,  potassium  and  sodium  liave  the  great«st  energy  in  this  respect. 
Bi^Tbe  first  occurs  in  potash,  the  second  in  soda.  They  are  both  lighter  than 
Eirater,  soft,  and  easily  cliange  in  air.  By  bringing  one  or  the  other  of 
■them  in  contact  with  water  at  the  ordinary  temperature,^  a  quantity  of 

o  deiDoUBtnle   the  difference   at  the   affinity  of  oiygen  fur   diflerant 

uou);b  lo  romiMfs  the  emouut*  at  heitt  which  ue  evolved  in  theii  eumbi- 

with  Ifl  pnrtB  by  weight  of  ojygen  ;  in  the  caae  nl  iodium  (when  NtjO  ia  tnrmed, 

r  M  40  psrU  of  No  coiobine  with  lit  parts  oC  oiygen,  occordiog  to  Bekatoff)  1UU,0U0  calories 

'if  Haiti  of  heat)  mte  evolved,  for  hydrogen  (when  wster.  HjO,  ia  formed)  BH.OOO  ciUorieB, 

T  iron  (whan  tlie  oiide,  FeO,  ia  fDnnad)  eS.OOO,  and  il  the  oxide  FcjOj  is  (onned, 

Ph,000  oaloriea.  for  Einc  (ZnO  is  formed)  Bfi.OOO  calorieii,  tor  lead  (when  PbO  ia  formed) 

I    0,000  cidoriaB,  for  copper  [when  CoO  is  formed)  BMpOOO  ciUorieB,  and  for  mercory  [HgO  is 

1)  81.000  coloriea. 

eee  fignrea  cannot  cnrrettpond  directly  with  the  magnitada  of  the  affinities,  for  the 

■1  and   mechanical  aide  of   the  nutter  is  very  diflecent  in  the  diderent  cases. 

u,  and.  in  combiningwith  oiygen,  gives  a  liquid;  a(uisec|uent!y  it  changes 

ill  physical  stale,  and,  in  doing  so.  evolves  heaL    Bnt  zinc  and  copper  are  wlids,  and, 

in  combimog  with  oiygen,  give  solid  oiides.    The  oiygen,  previoasly  a  gas,  now  passes 

into  a  solid  or  llqaid  state,  and,  therefore,  also  must  have  given  up  ita  store  of  heat  la 

fWining  oxides.    Aa   we  Eholl  afterwarda  see,  the  degree  uf  contraction  (and  conse- 

;'  qumtly  of  mechanical  KorkJ  was  diSeient  In  the  diDeient  oaseB,  and   therefore   the 

Lflgnres  eipreaeing  the  bent  of  combination  cannot  directly  depend  on  the  affinities,  on 

Efte  loi*  of  int«nuii  euer^y  previooaly  in  the  elements.     Nevertheless,  the  figurea  above 

P  dtod  correspoud,  iu  a  L-ertaiu  degree,  with  the  order  in  which  the  elements  stand  in 

H*pect  lo  their  aflinity  for  oiygaii,  as  may  be  seen  from  (he  (act  that  the  merciiry  oride, 

which  eToWes  the  least  beat  (nmouij  the  above  examples),  ia  the  ]eaat  stable,  is  easily 

deeom|Hwed,  giving  np  itsoiygeu;  whilst  sodium,  the  formation  of  whose  oxide  is  acaom- 

ptuiied  by  the  greatext  evolution  of  heat,  ia  able  lo  decompose  all  tlie  other  oxides,  taking 

Op  their  oxygen,     lo  order  to  generaliiw  the  cotuiectiou  between  aflinity  and  the  evoln- 

lion  ftud  the  absorption  of  heat,  which  ia  evident  in  its  general  fealurex,  and  was  Rrnily 

id  by  the  reaearches  of  Favie  and  Silherman  (abont  tMa),and  then  ollhomsen 

mark)  and  Berthelot  (in  France),  many  iuvestigaloTH,  especially   the  one  hut 

ad,  eatabliahed  Ihe  late  a/ maximum  leork.    ThiasUtes  that  only  those  chemical 

L'lMWtioiie  take  place  of  their  irwn  accord   in  which  Ihe  greatest  amount  of  chemical 

l^klent,  potential)  energy  is  traniformed  into  heaL     But,  iu  the  Brst  place,  we  are  not 

'    im  what  has  been  uid  above,  to  distinguish  that  heat  which  corresponds 

L' with  purely  chemical  action  from  the  sum  total  of  the  heat  observed  in  a  reaction  (in  the 

oaliv^Detert :  in   the  oecond   plaice,  there  are  evidently  endotliermal  reactions  which 

inoOBud  under  the  same  circnmstancefl  ae  eioUiermal  (carbon  bums  in  the  vapour  ol 

talpfanr  with  absorplion  of  heal,  whilat  in  oxygen  it  evoWea  heat) ;  and,  in  the  third 

place,  (here  are  reveruible  reactions,  which  when  taking  place  in  one  direction  evol\e 

hut.  and  when  taking  place  in  the  opposite  direction  absorb  it ;  and,  therefore,  the 

prindple  of  maximum  work  in  its  elementary  form  ia  not  iiu|ij<ortad  by  science.    But  the 

anbjeet  continoes   to  be  developed,  and  will  probably  lead    to  a  general  law.  such  aa 

tbaimal  chemitlry  doea  not  at  present  pnsseas, 

•  If  a  piece  ol  melnllic  sodiuui  be  thrown  into  water,  it  floats  on  it  (owing  to  its  light- 
Den),  kaiipa  in  a  slate  ol  continual  movement  (owing  to  the  evolution  of  hydrogen  on 
uXl  iidea),  and  immediately  dccomiwsvs  the  water,  evolving  hydrogen,  which  can  be 
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hydrogen,  correspondiDg  with  the  amoant  of  the  metal  taken,  may  be 
directly  obtained.  One  gram  of  hydrogen,  occupying  a  volume  of 
11*16  litres  at  0^  and  760  mm.,  is  evolved  per  39  grams  of  potassium, 
or  23  grams  of  sodium.  The  phenomenon  may  be  observed  in  the 
following  way  :  a  solution  of  sodium  in  mercury — or  *  sodium  amalgam, 
as  it  is  generally  called — is  poured  into  a  vessel  containing  water,  and 
owing  to  its  weight  sinks  to  the  bottom  ;  the  sodium  held  in  the 
mercury  then  acts  on  the  water  like  pure  sodium,  liberating  hydrogen. 
The  mercury  does  not  act  here,  and  the  same  amount  of  it  as  was  taken 
for  dissolving  the  sodium  is  obtained  in  the  residue.  The  hydrogen  is 
evolved  little  by  little  in  the  form  of  bubbles,  which  pass  through 
the  liquid. 

Beyond  the  hydrogen  evolved  and  a  solid  substance,  which  remains 
in  solution  (it  may  be  obtained  by  evaporating  the  resultant  solution), 
no  other  products  are  here  obtained.  Consequently,  from  the  two  sub- 
stances (water  and  sodium)  taken,  the  same  number  of  new  substances 
(hydrogen  and  the  substance  dissolved  in  water)  have  been  obtained, 
from  which  we  may  conclude  that  the  reaction  which  here  takes  place 
is  a  reaction  of  double  decomposition  or  of  substitution.  The  sub- 
stances taken  were,  sodium  in  a  free  state,  and  water,  which  consists  of 
two  gases,  hydrogen  and  oxygen.  The  products  obtained  were, 
hydrogen  in  the  free  state  and  a  solid,  which  is  nothing  else  but  the  so- 
called  caustic  soda  (sodium  hydroxide),  which  is  made  up  of  sodium, 
oxygen,  and  half  of  the  hydrogen  contained  in  the  water.  Therefore, 
the  substitution  took  place  between  the  hydrogen  and  the  sodium, 
namely  half  of  the  hydrogen  in  the  water  was  replaced  by  the  sodium, 
and  was  evolved  in  a  free  state.  On  this  basis  it  may  be  said  that 
caustic  soda  is  nothing  else  but  water,  in  which  half  the  hydrogen 
is   replaced   by   metallic    sodium.      The   reaction    which   takes  place 

lighted.  This  exx)eriment  may,  however,  lead  to  an  explosion  should  the  sodium  stick  to 
the  walls  of  the  vessel,  and  begin  to  act  on  the  limited  mass  of  water  immediately  adjacent 
to  it  (probably  in  this  case  NaHO  forms  with  Na,  NajO,  which  acts  on  the  water,  evolving 
much  heat  and  rapidly  forming  steam),  and  the  experiment  should  therefore  be  carried 
on  with  caution.  The  decomposition  of  water  by  sodium  may  be  better  demonstrated, 
and  with  greater  safety,  in  the  following  manner.  Into  a  glass  cylinder  filled  with  mer- 
cury, and  immersed  in  a  mercury  bath,  water  is  first  introduced,  which  will,  owing  to  its 
lightness,  rise  to  the  top,  and  then  a  piece  of  sodium  wrapped  in  paper  is  introduced  with 
forceps  into  the  cylinder.  The  metal  rises  through  the  mercury  to  the  surface  of  the 
water,  on  which  it  remains,  and  evolves  hydrogen,  which  collects  in  the  cylinder,  and 
may  be  tested  after  the  experiment  has  been  completed.  The  safest  method  of  making 
this  experiment  is,  however,  as  follows.  The  sodium  (cleaned  from  the  naphtha  in  which 
it  is  kept)  is  either  wrapped  in  fine  copper  gauze  and  held  by  forceps,  or  else  held  in 
forceps  at  the  end  of  which  a  small  copper  cage  is  attached,  and  is  then  held  under 
water.  The  evolution  of  hydrogen  goes  on  quietly,  and  it  may  be  collected  in  a  bell 
jar  and  then  lighted. 
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I  nay  be  expressed  by  the  equation  ;  H,0  +  Na^NaHO  +  H  ;  the  int-aii- 
l-iag  of  this  is  cleiir  from  what  ha-s  been  already  naid.'-' 

Sodium  aiid  piitnBsiuin  act  on  water  at  the  in-dina,ry  temperature. 
f  Other  heavier  metnls  only  act  un  it  with  a  rise  of  teni!)erature,  ftnd 
I  then  not  so  rapidly  or  vigorously.  Tlius  tnagnestuni  und  calcium  only 
r  liberat«  hydrogen  from  water  at  its  boiling  piiiiit,  and  zinc  and  iron  only 
n  red  heat,  whilst  a  whole  series  of  heavy  metala,  such  as  copper,  lead, 
I  Aercury,  silver,  gold,  iLiid  platinimi,  do  not  in  the  least  decompose 
■  ■Trater  at  any  temperature,  and  do  not  replace  its  hydrogen. 

From  this  it  is  clear  that  hydrogen  luay  be  obtained  by  the  decom- 

ration  of  stean>  by  the  action  of  iron  (or  zinc)  with  a  rise  of  tempera- 

jBre.     The  experiment  is  conducted  in  the  following  manner  :  pieces 

n  (tilings,  naib,  ic),  are  laid  in  a  porcelain  tube,  which  is  then 


le  of  the  sodinm  hrdtoiide,  NaHO,  tonned  is  diBSolvcd.oud  about  U,SOU  nnitu  of 

I  eralveii  per  S8  gruni  of  iiocliuin  takoti.    An  lU  gruiiH  u[  Bodinm  hydroxide 

need,  and  lliey  Ui  dissolving,  jnd([inB  frmn  direct  eiperimeiit,  urolre  about  10,000 

u:  thcrelors.  without  ui  ticeia  oF  water,  uid  without  tha  lormntion  of  «  wilotion, 

-H,0-H-<-NiiHO  wDuldevolve  about  93,500  CHloriea.     We  ah»ll  iJter. 

■  Ituxa  UiHt  hydniKeu  onutaioB  in  ita  eniaUeat  imlablo  ptrticluH  H^  uid  not  H, 

'        '    gittoUowa  Uist  the  nwtiuu  should  be  written  Uin«~aNa  +  aHiO-H,+ 

it  then  cuireaponda  with  an  evolution  of  heat  of  +  66,000  uloriea.    And  u 

t.  Beketall  ahowud  that  NogO,  or  anhydroiig  oxide  of  aodinm,  rarma  the  hydrate,  or 

'       ide<cauBtie  Boda),3NaHO,  with  water,  eTolring  Hbont  Sa.EVOcalariGe,  tbere- 

inUNii+H,0  =  Hj  +  Na.,0  cortoapondFi  to  au.MIO  calorios.     This  quantity 

i  i»  Itu  than  that  whiob  in  eroltBd  in  combining  with  water,  in  the  tonuation 

ado,  and  tbercfors  itieaottobeKondenid  atthallhelijdmta.NaHO.iaalwayR 

.  not  the  aiiliydiDua  nubatance  NagO.     Thai  anch  a,  concluaion,  which  u^reei 

ia  IneviMble  ia  alao  seen  From  the  fa<:t  that,  according  to  Beketott,  the  enhy- 

Bt  aiMUlim  oxide,  Na,0,  aftH  directly  on  hydrogen,with  aepai&tion  of  aodiimi  Nn^Oi-H- 

'  ~  +  MA.     Thia  reaction  ia  Accompanied    by  an  ctoIu^ou  of  beat  equal  to  about 

10  ulonea,  because  NatO-t-H^O  giiei,  aa  we  «aw,3S.fi00  calories  and  Na-fH^O  evolrea 

Woaloriea,    However,  an  opposite  reaction  alao  takea place — NaHO-fNaElJa.jO-1-H 

h  with  the  BJd  dF  heat) — consequently,  in  this  case  heat  is  absorbed,    tn  this  we  see 

nple  of  calorimetrio  calculations  and  the  small  use  oF  the  law  of  niaiimum  work 

aneral  phenamena  of  tereraible  rejutiona,  to  which  the  case  jUHt  considered 

Bnl  it  must  be  remarked  that  all  revenible  reaoCioni  etolre  or  abaori)  bat 

t,  and  jodging  tnun  what  has  been  said  in  Note  l>  (and  in  Note  9S  of  Chap.  I.), 

in  of  the  dlserepancy  between  the  law  of  maiimum  work  and  Tiial;:y  must 

]1  be  looked  for  in  the  Fact  that  we  have  no  means  of  separating  the  heat  which 

la  with  the  pnrely  eheinical  {irocess  from  the  sum  total  at  the  beat  observed, 

(ure  of  a  number  of  aubatancHs  ia  altered  by  beat  alone  and  also  by 

freely  hope  that  the  time  approaches  when  snch  a  distinction  will  be 

.    A  heated  substance,  in  point  o(  Fact,  has  no  longer  tlie  original  energy  oF  its 

is,  the  act  of  heating  not  only  altera  tlie  atore  of  movement  of  the  molecules 

be  atom*  forming  the  nmlecnles,  in  other  words,  it  makes  the  beginning  oF  or 

tor  chemical  change.     From  this  it  mnat  be  concluded  that  theimo.chemisti  y, 

'  of  the  beat  accompanying  chemical  tnuisformationa,  cannot  be  idi^otiiied 

l>  cheniioal  tueilmnict,       'I'hermo. chemical  data  form  n  purl  cf  it,  but  tlii.>y  atone 
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a  retort  or  flask  is  passed  through  the  tulie  d,  into  the  internal  porouB 
tul^e  T.  This  ateam  on  entering  the  red  hot  space  ia  decoinpOBed  into 
hydrogen  and  oxygen.  The  densities  of  these  gases  are  very  differeut, 
hydrogen  being  sixteen  times  lighter  than  oxygen.  Light  gases,  as  we 
saw  alxhve,  penetrate  through  jiorous  surfaces  very  much  more  rapidly 
than  denser  gases,  and  therefore  the  hydrogen  passes  through  the  pores 
of  the  tube  into  the  annular  space  very  much  more  rapidly  than  tha 
oxygen.  The  hydrogen  which  separates  out  into  the  annular  space 
can  only  be  collected  when  this  space  does  not  contain  any  oxygen. 
If  any  air  remains  in  this  space,  tlien  the  hydrogen  which  separates 
out  will  combine  with  its  oxygen  and  form  water.  For  this  reason  a 
gas  incapable  of  supporting  combustion — for  instance,  niti'ogen — ia  pre- 
viously passed  in  the  annular  space.  Thus  the  nitrogen  is  passed 
through  the  tube  c,  and  the  Jiydrogen,  separated  from  the  steam,  is 
collected  through  the  tube  c",  and  will  be  partly  mixed  with  nitrogen. 
A  certain  portion  of  the  nitrogen  will  penetrate  through  the  pores  of 
the  unglazed  tulje  into  the  interior  of  the  tube  T.  The  oxygen  will 
remain  in  this  tube,  and  the  volume  of  the  remaining  oxygen 
will  be  half  that  o£  the  volume  of  hydrogen  which  separates  out  from 
the  annular  Bpa<«.  Part  of  the  oxygen  will  alsi)  penetrate  through 
the  pores  of  the  tulie  ;  but,  as  was  said  before,  a  much  smaller  quan- 
tity than  the  hydiBgen,  and  as  the  density  of  oxygen  is  sixteen 
times  greater  than  that  of  hydrogen,  the  \olunie  of  oxygen  which 
passes  through  the  porous  walls  will  be  four  times  less  than  the  volume 
of  hydrogen  (the  quantities  of  gases  passing  through  porous  walls  are 
inversely  proportional  to  the  square  roots  of  their  densities).  The 
oxygen  which  separates  out  into  the  atinular  space  will  combine,  at  a 
certain  fall  of  temperature,  with  tlie  hydrogen  ;  but  as  each  volume  of  ■ 
oxygen  only  requires  two  volumes  of  hydrogen,  whilst  at  least  four  , 
volumes  of  hydrogen  will  pass  through  the  porous  walls  for  every  ^ 
volume  of  oxygen  that  passes,  therefore,  part  of  the  hydrogen  ■will  I 
remain  free,  and  can  be  collected  from  the  annular  space.  A  corre-  I 
Bponding  quantity  of  oxygen  remaining  from  the  decomposition  of  the 
water  can  lie  collected  from  the  intenial  tube. 

The  decomposition  of  water  is  produced  much  more  easily  by  a 
method  of  substitution,  taking  a<lvantage  of  the  affinity  of  suhstanc*' 
for  the  oxygen  or  the  hydrogen  of  water.  If  a  substance  he  addedj 
water,  which  takes  up  the  oxygen  and  replaces  the  hydrogen — thenf 
shall  obtain  the  latter  gas  from  the  water.  Thus  with  sodium,  wm 
gives  hydrogen,  and  with  chlorine,  which  takes  up  the  hydn 
oxygen  is  obtained. 

Hydrogen  Ls  evolved  from  water  by  many  metals,  which  a 
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a  retort  or  firisk  is  passed  througli  the  tube  D,  into  the  int^raal  porous 
tube  T.  This  steam  on  entering  the  red  hot  space  is  decomposed  into 
hydrogen  and  osygen.  The  densities  of  these  gases  are  very  different, 
hydrogen  being  sixteen  times  lighter  than  oxygen.  Light  gaaea,  as  we 
saw  above,  penetrate  through  porous  surfaces  very  much  more  rapidly 
than  denser  gases,  and  therefore  the  hydrogen  passes  through  the  pores 
of  the  tube  into  the  annular  space  very  much  more  rapidly  than  the 
oxygen.  The  hydrogen  which  separates  out  into  the  annular  space 
can  only  be  collected  when  this  space  does  not  contain  any  oxygen. 
If  any  air  remains  in  this  apace,  then  the  hydrogen  which  separates 
out  will  combine  with  its  oxygen  and  form  water.  For  this  reason  a 
gas  incapable  of  supporting  combustion^ for  instance,  nitrogen— is  pre- 
viously passed  in  the  annular  spftee.  Thus  the  nitrogen  is  passed 
tiirough  the  tube  c,  and  the  hydrogen,  i^parated  from  the  steam,  is 
collected  through  the  tube  c',  and  will  be  partly  mixed  witi  nitrogen. 
A  certain  portion  of  the  uiti-ogeu  will  penetrate  through  the  pores  of 
the  unglazed  tube  into  the  interior  of  the  tube  t.  The  oxygen  will 
remain  in  this  tube,  and  the  volume  of  the  remaining  oxygen 
will  be  half  that  of  the  voluJne  of  hydrogen  which  separates  out  from 
the  annular  space.  Part  of  the  oxygen  will  also  penetrate  through 
the  pores  of  the  tube  ;  but,  as  was  said  before,  a  much  smaller  quan- 
tity than  the  hydrogen,  and  as  the  density  of  oxygen  is  sixteen 
times  greater  than  that  of  hydrogen,  the  lolume  of  oxygen  which 
passes  through  the  porous  walls  will  be  four  times  less  than  the  volume 
of  hydrogen  (the  quantities  of  gases  passing  through  porous  walls  are 
inversely  proportional  to  the  square  roots  of  their  densities).  The 
oxygen  which  separat.es  out  into  the  annular  space  will  combine,  at  a 
certain  fall  of  temperature,  with  the  hydrogen  ;  but  as  each  volume  of 
oxygen  only  requires  two  volumes  of  hydrogen,  whilst  at  least  four 
volumes  of  hydrogen  will  pass  through  the  porous  walla  for  every 
volume  of  oxygen  that  passes,  therefore,  part  of  the  hydrogen  will 
remain  free,  and  can  be  collected  from  the  annular  space.  A  oorre- 
sponding  quantity  of  oxygen  remaining  from  the  decomposition  of  the 
■water  can  l>e  collected  from  the  internal  tube. 

The  decomposition  of  water  is  pi-oduced  much  more  easily  by  a 
method  of  substitution,  taking  advantage  of  the  affinity  of  substances 
for  the  oxygen  or  the  hydrogen  of  water.  If  a  substance  be  added  to 
water,  which  takes  up  the  oxygeii  and  replaces  the  hydrogen — then  we 
shall  obtain  the  latter  gas  from  the  water.  Thus  with  sodium,  water 
gives  hydrogen,  and  with  chloiine,  which  takes  up  the  hyilrogen, 
oxygen  is  obtained. 

Hydrogen  is  evolved  from  water  by  many  metals,  which  ai'e  capable 
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I  erf  forming  oxides  (rusts  or  earths,  asStahi  called  tliem)  in  air— tbat  is, 

■  which  are  capable  of  burning  or  combiniug  witli  oxygen.  The  capacity 
W  of  metals  for  combining  with  oxygen,  and  thei-efoi-e  for  decomposing 

■  water,  or  for  the  evolution  of  hydrogen,  is  very  dissimilar.'     Among 

■  metals,  potassium  and  sodium  have  the  greatest  energy  in  this  respect. 
B  The  first  occurs  in  potash,  the  second  in  soda.  They  are  both  lighter  than 
B  vBter,  soft,  and  easily  change  in  air.  By  bringing  one  or  the  other  of 
B  them  in  contact  with  water  at  the  ordinary  temperature,'  a  quantity  of 

H  'In  order  to  doiuonBtme  the  diSerence  of  the  Affinity  o[  oxygen  for  differenC 
H  olemeutB,  it  io  sDuugb  tn  compare  the  arooanta  ol  lieat  wliiuh  ue  evolved  in  their  conibi- 

V  utiuu  with  le  [HutB  by  weight  ot  oiygen  ;  in  the  caee  of  sodiuni  (nheti  Nh^O  ia  fniuied, 

■  OTlOparUot  Na  combine  with  IBpaita  of  oiygen.  Hfcording  tu  BekeMff )  I<K),(HH)  calnTien 

II  (or  tinite  of  heat)  are  evolved,  for  hydrogen  (when  water,  H,,0,  ia  lortned)  6U,00U  caloriaa, 

■  Idt  iron  (when  the  oxide,  FuO,  ia  formed)  flH.OOD,  and  i!  the  aiida  FejO,  i«  formed, 
H  01,000  calorie*,  for  liiic  (ZnO  ia  formed)  8(1,000  oaloriea,  for  lead  (when  PbO  is  fanned) 
I   S1,000  calories,  tor  eojiper  (when  CuO  [b  fanned)  SM.OOO  oaloriea,  and  for  mercmy  (UgO  ia 

■  termed)  81,000  calories. 

H  Theae  figoroB  cannot  corTea]»nd  diiectl;  with  the  mugnitDde  of  the  affinitieB,  for  the 
H'phyncal  and  mechanical  side  of  the  matter  ia  very  different  in  the  different  caaea. 
f  Bydiogen  is  a  gas,  and,  in  combining  with  ovygen,  gives  a  liqaid  ;  oonseciuently  it  changes 
Ha  physical  state,  and.  in  doing  bo,  evolves  beat.  Bat  line  and  copper  are  aolida,  utid, 
in  combining  with  oxygen,  give  solid  oiidea.  The  oxygen,  previoaaly  a  gas,  now  pasaes 
Into  a  solid  or  hquid  state,  and,  therefore,  also  moat  have  given  np  its  store  of  heat  in 
bmning  oxides.  As  we  aholl  afterwards  see,  the  degree  of  contraction  (and  conse- 
quently of  mechanical  work)  waa  different  in  the  diSerent  coses,  and  therefore  the 
flgnres  eipreesing  the  heat  of  combination  cannot  directly  depend  on  the  offloities,  on 
the  loss  of  internal  enei^  preriansly  in  the  eleraentH.  Nevertheless,  the  figures  above 
died  correapoucl,  in  a  certain  degree,  with  the  order  in  which  tha  elements  stand  in 
reapect  to  their  affinity  for  oiygen,  aa  may  be  seen  from  the  fact  that  the  mercury  oxide, 
which  uvolvea  the  leaat  heat  (among  the  above  examjiles).  in  the  leaat  atable,  ia  easily 
decomposed,  giving  up  itaoiygeu  ;  whilst  aodi am,  the  tocmatiuu  of  wlioeis  unide  is  accom- 
panied by  the  greatest  erolntion  of  beat,  is  able  to  decompose  all  the  other  otideH,  taking 
np  their  oxygen.  In  onlar  to  generalise  the  connection  between  affinity  and  the  evolu- 
Uen  and  the  absorption  of  heat,  which  is  evident  in  its  general  features,  and  was  flrmly 
ertablished  by  the  researches  of  Favre  and  Silbermon  (about  1840),  and  then  of  Thomsen 
(in  Denmark!  and  Berthelot  (in  Prance),  many  iniestii^tura,  especially  tlie  one  last 
ntentioned,  establlahed  the  lau^  of  maximum  work.  Thia  atatea  that  only  those  chemical 
reactions  take  place  of  their  own  accord  in  which  the  greatest  amount  of  chemical 
(latent,  potential)  enei^  ii  transformed  into  heat.  But,  in  the  Srat  place,  we  are  not 
able,  judging  from  what  has  been  said  above,  to  distingniah  that  heat  which  correspoude 
with  purely  chemical  action  from  the  sum  total  of  the  heat  obaerved  in  a  reaction  (in  tlie 
Dalorhneter) :  in  the  second  place,  there  are  evidently  endothermal  reoctiona  which 
proMud  under  the  same  cireumatances  as  eiDthermal  (carbon  boms  in  the  vapoor  of 
■Dlphnr  with  abaorption  of  heal,  whilst  in  oxygen  it  evolrea  heat) ;  and,  in  the  third 
pUoe,  there  ate  reveruble  reactions,  which  when  taking  plaie  in  one  direction  evoKe 
beat,  and  when  taking  place  in  the  opposite  direction  absarb  it;  and,  Ibeietote,  the 
principle  of  maiimum  work  in  itt  elementary  form  is  tint  sapjiorted  by  science.  Bnt  the 
■nbjaot  continues  to  be  dereloped.  and  will  jirubably  lead  to  a  general  law,  such  ■« 
Ihennal  chemistry  doea  not  st  present  poaaeaa. 

*  It  a  piere  of  metallic  sodioin  bo  thrown  into  water,  it  floats  an  it  (owing  to  its  tight- 
Oeas).  keeps  in  a  stale  of  continual  movement  (owing  to  the  erolntion  of  hydrogen  on 
■II  sides),  and  immediately  decompoaes  the  water,  evolving  hydrogen,   which  can   he 
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hydrogen,  corresponding  with  the  amount  of  the  metal  taken,  may  be 
directly  obtained.  One  gram  of  hydrogen,  occupying  a  volume  of 
11 '16  litres  at  0*^  and  760  mm.,  is  evolved  per  39  grams  of  potassium, 
or  23  grams  of  sodium.  The  phenomenon  may  be  observed  in  the 
foUowingway  :  a  solution  of  sodium  in  mercury — or  *  sodium  amalgam,' 
a«  it  is  generally  called — is  poured  into  a  vessel  containing  water,  and 
owing  to  its  weight  sinks  to  the  bottom  ;  the  sodium  held  in  the 
nuMvury  then  acts  on  the  water  like  pure  sodium,  liberating  hydrogen. 
Tho  uuMvury  does  not  act  here,  and  the  same  amount  of  it  as  was  taken 
ftir  tiiMMolving  the  sodium  is  obtained  in  the  residue.  The  hydrogen  is 
t»vtih<Hi  little  by  little  in  the  form  of  bubbles,  which  pass  through 
thn  litjuid. 

Boyond  the  hydrogen  evolved  and  a  solid  substance,  which  remains 
in  Molution  (it  may  be  obtained  by  evaporating  the  resultant  solution), 
hO  otlu^r  products  are  here  obtained.  Consequently,  from  the  two  sub- 
Mtauooii  (water  and  sodium)  taken,  the  same  number  of  new  substances 
(hydrogen  and  the  substance  dissolved  in  water)  have  been  obtained, 
from  which  we  may  conclude  that  the  reaction  which  here  takes  place 
iM  a  reaction  of  double  decomposition  or  of  substitution.  The  sub- 
wtancoH  taken  were,  sodium  in  a  free  state,  and  water,  which  consists  of 
twti  gases,  hydrogen  and  oxygen.  The  products  obtained  were, 
hydrogen  in  the  free  state  and  a  solid,  which  is  nothing  else  but  the  so- 
oaHtul  caustic  soda  (sodium  hydroxide),  which  is  made  up  of  sodium, 
<»xygen,  and  half  of  the  hydrogen  contained  in  the  water.  Therefore, 
the  substitution  took  place  between  the  hydrogen  and  the  scxlium, 
namely  half  of  the  hydrogen  in  the  water  was  replaced  by  the  sodium, 
and  was  evolved  in  a  free  state.  On  this  basis  it  may  be  said  that 
caustic  soda  is  nothing  else  but  water,  in  which  half  the  hydrogen 
in   replaced   by   metallic    sodium.      The   reaction   which   takes  place 

lighted.  Tliifl  experiment  may,  however,  lead  to  an  explosion  should  the  sodium  stick  to 
tlie  walls  of  the  vessel,  and  begin  to  act  on  the  limited  mass  of  water  immediately  adjacent 
to  it  (probably  in  this  case  NaHO  forms  with  Na,  NajO,  w^hich  acts  on  the  water,  evolving 
much  heat  and  rapidly  forming  steam),  and  the  experiment  should  therefore  be  carried 
on  with  caution.  The  decomposition  of  water  by  sodium  may  be  better  demonstrated, 
and  with  greater  safety,  in  the  following  manner.  Into  a  glass  cylinder  filled  with  mer- 
cury, and  immersed  in  a  mercury  bath,  water  is  first  introduced,  which  will,  owing  to  its 
lightness,  rise  to  the  top,  and  then  a  piece  of  sodium  wrapped  in  paper  is  introduced  with 
forceps  into  the  cylinder.  The  metal  rises  through  the  mercury  to  the  surface  of  the 
water,  on  which  it  remains,  and  evolves  hydrogen,  which  collects  in  the  cylinder,  and 
may  be  tested  after  the  experiment  has  been  completed.  The  safest  method  of  making 
this  experiment  is,  however,  as  follows.  The  sodium  (cleaned  from  the  naphtha  in  which 
it  is  kept)  is  either  wrapped  in  fine  copper  gauze  and  held  by  forceps,  or  else  held  in 
forceps  at  the  end  of  which  a  small  copper  cage  is  attached,  and  is  then  held  under 
water.  The  evolution  of  hydrogen  goes  on  quietly,  and  it  may  be  collected  in  a  bell 
jar  and  then  lighted. 
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may  be  expressed  by  the  equation  :  H,;O  +  Na^NaH0-t- H  ;  the  inean- 
I  ing  of  this  ia  clear  from  what  has  been  already  sftid." 

SotliuDi  anil  putasaium   act  on  water  at  tbe  ordinary  temperature. 

Other  heavier  meijiis  only  act  tin  it  with  a  riae  of  temperature,  and 

then  not  bo  rapidly  or  vigorously.     Thus  magnesium  and  calcium  only 

I   liberate  hydrogen  from  water  at  its  l«iling  point,  and  zine  and  iron  only 

A  red  heat,  whilst  a  whole  series  of  heavy  metals,  such  as  copper,  lead, 

I  mercury,  silver,  gold,  and  platinum,  do  not  in  the  least  decompose 

I  -water  at  any  temperatui-e,  and  do  not  replace  its  hydrogen. 

From  tills  it  is  cleiir  that  hydrogen  may  be  obtained  by  the  decom- 

t  position  of  steam  by  the  n.ction  of  iron  (or  zinc)  with  a  rise  of  tempera- 

f  tiire-     The  expeiiment  is  conducted  in  tbe  following  manner  :  pieces 

f  iron  (filings,  nails.  il:c.),  are  laid  in  a  porcelain  tube,  which  is  then 


■  Thii  rsactiim  is  TigomUHly  exotherniid.  If  »  snffictent  quantity  of  water  bo  taken 
Uh)  whole  of  UuBoJiDm  hydrotidv,  N&HO,  lonued  isdisBolTed.audobout  43,E00unitHof 
iMiM  •»  evolred  per  SU  gruaa  ol  wiliuui  taken.  As  40  KTUna  ol  uidiiun  bfdrmidc 
ara  produced,  lUid  they  in  diaHolrinK,  judging  tmin  direct  axperimeal,  evolve  abonl  lU.UUO 

IbenactkmNa  +  HjO-H't-NaHOwDaMevDlre  niHiat  sa.SUO colorien.     We  shall  all«r- 

«mida  leam  that  hydrogen  cuntainH  in  its  nniilteat  iwilable  pBrUtIi>B  Hj  and  not   H, 

and  Iherefore  it  followa  that  the  rewtion  should  be  writlen  thus— 1lNa4-3H,0-Uii- 

SNaHO,  and  it  then  coneaponda  villi  an  evolution  ol  beat  of  +  US.OUO  calones.     And  M 

I  B.  M.  BvketoH  shonretl  that  Ns,0,  or  siibydrouB  oiide  ol  sodium.  fonuB  the  hydrate,  or 

"    n  hydroxide  (caustic  soda),  3NaH0,  with  natcr,  evolving  about  UG.SDO  ealoriea,  there. 

'•IhemiwtioDaNa  +  HiO'^H.j-t-Na^O  corresponds  to  38.500  calories.    This  quantity 

iBH  tlian  Ihiil  wliich  is  Bvolved  in  cdmbining  nith  water,  in  the  formation 

if  ckDitic  «oda.  and  IbecebirH  it  isnot  to  he  wondered  at  thiitlhuhydrate.NaHO,  is  always 

id  and  not  the  aniiydroua  «nbat«nce  NajO.     That  such  a  conclusion,  which  sKreea 

h  tacts,  is  inevilaUH  ia  itbo  seen  from  the  fact  that,  acoording  to  Beketoff,  the  anhy- 

uaodinm  oxide.  NagO,  acts  directly  on  hydrugen,irith  vepuation  ol  sodium  Na^O  +  M  - 

\  J9*H0  +  Na.    Thia  reaction  is  accompanied    by  an  evolution  ol  heat  equal   to  about 

MW  calories,  because  NajO  +  H^O  gives,  as  we  saw,  a5,ijDa  calories  and  Nu  +  U.,0  evolves 

)S,SUO  calories.    However,  en  o]>poJ<its  reaction  aliio  takesplace— NaHO  +  NaoNujO-i-H 

<boUi  with  the  aid  ot  heat)— conaequently,  in  this  case  boat  ia  absorbed.     In  tbia  wa  see 

ftn  eianiple  ol  cnlnrimetric  calculationa  and  the  small  use  ol  the  Uw  ul  maximum  work 

F  ior  the  geiienJ  phenomeiui  of  reveraible  reaotions,  to  which  the  cane  just  considered 

k'Uiinga.     But  it  must  be  remarked  that  all  reversible  reactioua  eiolve  or  absorb  but 

i'JIUIe  lieat,  and  judging  from  wliat  bu  been  aaid  in  Note  fl  (and  in  Not«  35  ol  Cbap.  I.), 

^'Itw  reason  ot  the  discrepancy  between  the  law  ol  maximum  work  and  reall-f  must 

baton  itll  b*  looked  (ot  in  tlie  (act  that  we  have  no  means  ol  set>arating  the  heat  which 

acamspondB  with  the  purely  chemical  process  from  the  sum  total  ol  the  boat  obiierved, 

and  M  the  >ttuctnie  ol  n  number  of  substancva  ia  altered  by  heat  alone  and  alao  by 

«onlaet,  we  can  scarcely  hope  that  the  time  apprnachea  when  sncli  a  diatincUon  will  be 

poMible.     A  healed  snbstiuice,  in  point  ol  (ai-t,  boa  uo  longer  the  original  e 


,,  theai 


bat  ilao  ot  tbe  stoma  forming  tbe  molecnlea,  in  otlist  words,  it  uakea  the  beginning  o(  or 
m  for  chemical  change.     From  this  it  must  be  concluded  that  thermo^Jiemistiy, 
C  Iha  itudy  ot  the  beat  accompanying  chemical  tmnHlormatious,  cannot  bo  identified 

at  give  il. 
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Lydrogen,  oiresponding  with  the  anioiuit  of  the  metal  taken,  may  lie 
directly  obtained.  Oue  gram  of  hydrogen,  occupying  a  i-oliinie  of 
1I'16  litres  at  0'  and  760  ram,,  is  evolved  per  39  grams  of  potassium, 
or  23  grama  of  sodium.  The  phenomenon  may  lie  observed  in  the 
following  way  :  a  solution  of  Bodium  in  mercury — or '  sodiam  amalgam,' 
as  it  is  generally  called— ia  poured  into  a  vesael  containing  water,  and 
owing  to  its  weight  sinks  to  the  bottom  ;  the  sodium  lield  in  tlie 
mercury  then  acts  on  the  water  like  pure  sodium,  liberating  hydrogen. 
The  mercury  does  not  act  here,  and  the  same  amount  of  it  as  was  taken 
for  dissolving  the  sodium  is  obtained  in  the  residue.  The  hydi'ogen  is 
evoh-ed  little  by  little  in  the  form  of  bubbles,  which  pass  through 
the  liquid. 

Beyond  the  hydrogen  evolved  and  a  solid  substiuice,  which  remains 
in  solution  (it  may  be  obtained  by  evaporating  the  resultant  solution), 
no  other  products  are  here  obtained.  Consequently,  from  the  two  sub- 
stances (witter  and  sodium)  taken,  the  same  number  of  anvr  substances 
(hydrogen  and  the  substance  dissolved  in  water)  have  been  obtained, 
from  which  we  may  conclude  that  the  reaction  which  here  lakes  place 
is  a  reaction  of  double  decomposition  or  of  substitution.  The  sub- 
stances taken  were,  sodium  in  a  free  state,  and  wat«r,  which  consists  of 
two  gases,  hydrogen  and  oxygen.  The  products  obtained  were, 
hydrogen  in  the  free  state  and  a  solid,  which  is  nothing  else  hut  the  so- 
called  ciustic  soda  (sofliuni  hydroKide),  which  is  made  up  of  sodium, 
oxygen,  iinil  half  of  the  hydrogen  contained  in  the  water.  Therefore, 
the  substitution  took  place  between  the  hydrogen  and  the  sixlium, 
namely  half  of  the  hydrogen  in  the  water  was  replaced  by  the  sodium, 
and  was  evolved  in  a  free  state.  On  this  basis  it  may  be  eaid  that 
caustic  soda  is  nothing  else  but  water,  in  which  half  the  hydrogen 
is   replaced   by  metallic   sodium.      The    reaction   which   takes  place 

lighted.  ThiBexperimeDt  may.  however,  Iwd  to  an  eiploBinn  HhciDld  the  sodinin  Blirk  to 
the  w&tlflaf  the  vebaeli  and  be^n  to  net  od  the  limited  mo^a  of  water  immediately  ltd JAt^Hut 
toillpnibablyiii  this  case  NaHO  forma  with  Na,  Ma^O,  which  acta  on  the  water,  evolving 
much  hekt  and  rapidly  Ccrming  ateiunl,  and  the  experiment  shonld  tbetetore  be  carried 
on  vritb  oauUon.  The  decomposition  o!  water  by  aodium  may  be  better  demon Ktmleil, 
and  with  greater  salety,  in  the  fallowinic  manner.  Into  a  ^laas  cylinder  filled  with  iner. 
cnry,  and  immersed  in  a  raercory  bath,  water  is  first  introduced,  which  will,  owing  to  ita 
lightneiw,  riHo  to  the  top,  and  then  a  piece  of  aodiqm  wrapped  in  paper  ia  introduced  with 
forcepH  into  the  cylinder.  The  metal  riaea  through  the  mercury  to  the  aoiface  of  the 
water,  on  which  it  remaina,  and  evolven  hydrogen,  which  coUeets  in  the  cylinder,  uid 
may  be  teated  after  the  ej[periment  has  been  completed.  The  aafeat  method  of  making 
thia  experiment  it,  however,  oa  followa.  The  aodium  (eleaned  from  the  naplitha  in  which 
it  ia  lie])t)  ia  either  wrapped  in  Qne  copper  gaUEe  and  held  by  forcepa,  or  else  held  in 
loicepa  at  the  end  of  which  a  amall  copper  cage  ia  attached,  and  is  then  held  under 
watei.  The  evolution  of  hydrogen  goea  on  ijoietly,  and  it  may  be  collected  in  a  bell 
jar  and  tlien  lighted. 
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maybe  expressed  by  tbe  equation  :  H,0  +  Na=NaHO  + H  ;  the  mean- 
.ing  of  this  ia  oltar  from  what  ha.s  been  already  said." 

Sodium  and  piitassium  act  on  water  at  the  nrdiniiry  teiuperaturc. 
'Other  hea\ier  uiotiilii  only  act  uii  it  with  a  rise  of  temperature,  and 
then  not  so  rapiilly  or  vigorously.  Tlius  magnesium  and  calcium  only 
liberate  hydrogen  from  watei'  at  it«  iioiling  point,  and  Kinc  and  iron  only 
4tt  a  red  heat,  whilst  a  whole  series  of  heavy  metals,  such  a^  copper,  lead, 
mercury,  silver,  gold,  and  platinum,  do  not  in  the  least  decompose 
■water  at  any  temperatui-e,  and  do  m>t  replace  its  hydrogen. 

From  this  it  is  clear  ihat  hydrogen  may  be  obtained  by  the  decom- 
,p(Mdtion  of  steam  by  the  action  of  iron  (or  zinc)  with  a  rise  of  tempera- 
tare.  The  experiment  ia  conducted  in  the  following  manner  :  pieces 
iCf  iron  (tilinga,  naik.  &c.),  are  laid  in  a  porcelain  tube,  which  ia  then 

*  Thi»  Teatlion  in  vigoroualy  esulheraiiil.     It  a  Bufficient  qunntity  of  water  bo  taken 

Wbole  ol  the  sodiam  hydroxide,  NaHO,  loimed  ia  diaHolred.iUKt  nboot  4a,»N)  onita  ol 

t  ara  evniced  per  33  gram*  of  Kodiam  taken.    An  tO  gmna  ol  aodinm  hydroiids 

produced,  uid  thr;  in  diBsDlving,  judging  [rom  direct  eiperiment,  stoItb  about  10,000 

mloiif,  therefore,  -witfaont  an  eioeiiB  of  water,  lUid  without  the  foriuation  of  a  aolutioii, 

Motion  Na-fH.Odl  +  NaHO  would  evolve  aboat  Sa.GOO  calori<!a.     We  shall  afber- 

VHda  learn  that  hydmKen  oonUine  in  ita  Hmalleat  iaolablo  porticlea  Rj  and  not  H, 

■nd  therefore  it  follows  that  the  rewtion  ahonld  be  written  thu6— 3XB  +  SHiO-H,-r 

i^aHO,  and  it  then  lurreaponda  with  an  evolution  of  heat  of  .*  05,000  calurieH.    And  aa 

X.  N.  Beketoff  ahowed  that  Na.jO,  or  anbydroaa  oxide  of  aodium,  foniu  the  hydrate,  or 

Dm  hydroxide  (oauatia  soda,),  2NaH0,  with  water,  evolving  about  S5,[>DU  oaJorieii,  there- 

thsreu:tion£Na')-H,0=>H,-KNa]0  cotTBSpoiida  to  SD.BOO  caloriea.    Thia  ijuantity 

Hi  ia  leas  than  that  wliich  is  ovulveil  iu  oombining  vitb  water,  in  the  fomiaUon 

luatio  Boda,  and  therelureit  ia  tint  lobe  wondered  at  that  the  hydrate,  NaHO,  ia  always 

Im  iiiiiil  and  not  the  anbydroua  HabataDCe  NajO.     That  buch  a  conclnaion,  whiuh  agreva 

facta,  ia  inevitable  ia  aluo  sxen  fcom  tlie  fact  that,  according  to  Beketeff,  the  anby- 

a  aodium  oxide,  NogQ,  acitb  directly  on  hydrogeUfWithaeparatioD  of  nodioni  Xa^O-t-H^ 

KaHO  +  Na.     Thia  reaction  is  accompanied    by  an  evolution  of  heat  equal  to   aboDl 

calories,  becnase  NajO  +  H^O  gives,  aa  we  aB«,aS,500  calories  and  Na  +  H3O  evolves 

>l,e00  Mloriea.    However,  an  opposite  reaction  also  tHkes  place— NhHO  -f  Na  -  Hii^O  +  U 

j^lh  with  Uie  ud  of  heatJ^-Mjoaaeijutrntly,  in  thia  cave  heat  ia  absorbed.     In  this  we  aee 

«xam|ile  of  c&lorimetric  coloulotiona  and  the  amoll  use  of  the  law  of  nmiimoni  woxk 

Jbf  the  Keneral  pheuoumna  of  rereraible  renctioJia,  l*.  which  the  eaao  jubI  eoniiidered 

bokniga.     Bnl  it  mtiel  be  remarked  that  all  reveniblc  reaotious  eialve  or  abaorb  but 

little  heat,  and  judging  from  what  has  been  said  in  Note  6  (and  in  Note  35  of  Chap.  I.), 

the  reoaon  of  the  discrepancy  between  the  law  ol  maximum  work  and  reaL.y  must 

before  all  Im  luoked  for  in  the  fact  that  we  hate  no  meana  of  aeparaling  the  heat  which 

corresponds  with  the  purely  chemical  proceaa  from  the  aiun  total  of  the  hoat  observed, 

and  aa  iJie  atrticture  of  a  number  of  Hubxtoncea  is  altered  by  heat  alone  and  also  by 

-oontaet,  we  con  scarcely  hope  that  the  time  apiiroaohes  when  such  a  distinction  wiU  be 

IMaaible.     A  heated  aubatance,  in  point  of  fact,  has  no  longer  the  original  energy  of  ita 

atoms— that  ia,  the  act  nf  heating  not  only  alters  the  store  of  movement  of  the  molecules 

but  also  of  the  atoms  forming  the  moleculea,  in  other  worda,  it  makes  the  beginning  of  or 

pnparation  for  chemical  change.     From  thia  it  must  be  concluded  that  thermu-chemistiy, 

'Or  the  itudy  ol  the  heat  nccompanyinf;  chemical  tranHfonnatiotie,  cannot  bo  identified 

with  chemical  mechaiuce.       Thennii-i^heniiciil  dntn  form  a  part  of  it,  but  they  alone 
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subjected  to  a,  sti'ong  heat  aad  steam  p&ssed  through  it.  The  steam, 
coming  into  contact  with  the  iron,  gives  up  ite  osygen  tu  it,  and  tlius 
the  hydrogen  is  net  free  and  passes  out  at  the  other  end  of  the  tulie 
together  with  undecompoaed  steam.  This  method,  which  ia  historically 
vei^  significant,"'  is  practically  inconvenient,  as  it  requires  a  rather 
liigh  temperature.  Further,  this  reaction,  as  a  reversible  one  (a  red- 
hot  mass  of  iron  decomposes  a  current  of  ^team,  forming  oxide  and 
hydrogen  ;  and  a  mass  of  oxide  of  iron,  heated  to  redness  in  a  stream 
of  hydrogen,  forms  iron  and  steam),  does  not  proceed  in  virtue  o£  the 
comparatively  small  difference  between  the  affinity  of  oxygen  for  inxi 
(or  zinc),  and  for  hydrogen,  but  only  because  the  hydrogen  escapes,  as 
itia  formed,  in  virtue  of  its  elasticity."  If  the  oxygen  compounds — that 
ia,  the  oxides  ^which  are  obtained  fi^m  the  iron  or  zinc,  be  able  to  pass 
into  solution,  then  the  affinity  acting  in  solution  is  adde<l,  and  the 
reaction  may  become  nun -reversible,  and  proceed  with  comparatively 
much  greater  facility.'*     As  the  ostides  of  iron  and  zinc,  by  themselves 

red-hot  iron  :  the  wune  luntbod  hui  been  used  for  making  bydrogen  lor  fiUine  balloona. 
Ad  oxide  having  the  (Hjinpoitition  FejO^  i»  [ormed  in  the  reaction,  ao  that  it  in  oipreaaed 
b;  theeqiutioD3Fe  +  4H.,0-^Fe,04.fSH.  It  is  rerj  impcntAnt  to  remark  that  this  re- 
action it  rsTBTsible.  By  '■-'t'"g  (he  scoria  in  a,  cDirtnit  o(  hydrogen,  wnter  iind  iron 
BC«  obtained.  From  this  it  IdUoitb,  troio  tlie  principle  at  ctiemicul  eqailibcia,  tbat  if 
there  be  luken  iron  and  hydrogen,  and  alau  oxygen,  but  iu  HDch  a  quantity  tliut 
it  iri  insufficient  for  combination  with  both  snbstajices,  tben  it  will  divide  itself 
bebweea  the  two ;  part  of  it  will  combine  with  the  iron  and  tlie  other  part  with  the 
hydrogen,  but  a  portion  of  both  will  remain  in  an  oncombiDod  etat«,  Here  ogun  (tea 
note  9)  the  revemibilitj'  is  connected  with  tbe  small  heat  eflect,  BJid  hem  again  both  re- 
aotiona  (direct  and  reverse)  proceed  at  a  red  beat.  But  if,  in  the  above-descrilied  re- 
action, tbe  hydrogen  eacapea  as  it  ia  erolved,  then  its  partial  presanre  does  not  increase 
vith  its  formation,  and  therefore  all  the  iron  can  be  oiidieed  by  tbe  water,  nhioh  coald. 
not  take  place  were  the  iron  and  water  heated  to  the  temperature  o(  reaction  in  a  closed 
te»el.  In  tkis  we  see  tbe  elements  of  that  ioftuenco  of  mass  to  which  we  shall  have 
oceaeion  to  return  hiter. 

I'  Therefore,  if  iron  and  water  be  placed  in  a  closed  apace,  decomposition  of  the  water 
wlUprooaedon  heating  to  thotemper«tni8  at  whiohthe  reaction  sFo-t  4HiO  =  FejOj  +  8H 
Commencea;  but  it  uwftea,  does  not  go  on  to  the  end,  because  the  conditions  for  a, 
rererte  reaction  are  attained,  and  a  state  of  eqnilibriam  will  ensue  after  the  deoomponi- 
tjon  of  a  certain  quantity  of  water.  Judging  from  what  has  been  said  in  Note  0, 
Bometbing  of  the  eame  kind  takes  place  if  tlie  iron  be  replaced  by  sodium,  only 
then  the  maas  of  the  water  decomposed  will  be  greater,  and  eqnilibriam  will  ensue, 
with  the  formation  of  the  hydrate,  NaHO,  and  not  of  anhydioas  oxide,  Na,0— that  in, 
the  water  will  remain  iu  the  form  of  hydrate  only.  With  copper  and  lead  there  will  he 
no  ilevom position,  either  at  the  ordinary  or  at  a  high  temperature,  because  the  aSlnity  of 
tbew  metsli  for  oxygen  is  much  less  than  that  ot  hydrogen. 

I-  In  general,  if  reversible  aa  well  as  non-reversible  reactions  can  take  pln^^e  between 
Buhatonces  acting  on  each  other,  then,  jadging  by  our  present  knowledge,  the  non- 
reveraible  reactions  take  place  in  the  majority  of  cases,  which  obliges  one  to  acknowledge 
tbe  action,  in  this  case,  of  coinporalively  strong  oflinitiBs.     The  reaction,  Zn  +  HjBOj  — 

rersible  under  these  conditions,  hot  at  &  certain  high  temperature  it  becomes  reversible, 
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'  insoluble  in  water,  are  capable  of  combiniug  with  (have  an  Rtfinity  for) 
Bcid  oxides  (as  we  i^hiill  afterwards  fully  consider),  and  form  saline  and 
Bolable  aubstanceH,  with  nctda,  or  hydrates  having  acid  properties,  hence 
by  the  action  of  such  hydrates,  or  of  their  aqueous  Bolutions,'^  iron 
and  anc  are  able  to  liberate  hydrogen  witli  great  ease  at  the  ordinary 
temperature — that  is,  they  act  on  solutioos  of  acids  just  as  sodium  act* 

,  on  water,"     Sulphuric  acid,  or  oil  of  vitriol,  H^0„  is  usually  chosen 


because  at  this  tenipei 

I    take  pUcH  betwaeo  Uu 

[   wbich  are  in  botau  eoA 

m  of  flulpliiiric  acid  preaeutA  6 

I   obuin  hjrdrogeD  in  a  ver;  compr 

t  ■olationB  of  Bulpliutes  of  the  aboi 
a  ponaible  in  the  ciperiments 
D.     Those  metalH  whidi  do  not 


me  zinc  Hulplmte  aiid  sulphuric  « 
rater  and  zinc.  From  the  precei 
verified  by  experiment.  If  the  t 
resentA  a  DOC-reTeraible  reacCiai 


I,  then  we  may  by  this  meann 
iiied  hydro^n  will  not  act  on 
is  verified  in  rwility  aa  f ar  as 
sion  or  preaime  d(  the  hydro- 
aiiia,  on  the  contraiy,  should,  a 
least  St  an  inonnso  of  preasore,  be  displaced  by  hydrogen.  And  in  fact  Bnuuier  showei 
tliBt  gHeoaa  hydrogen  diiplues  platinnni  and  pdladinra  from  llie  aqueous  salntions  o 
their  olilorine  compounds,  bdt  not  gold,  and  BeketoS  sncoeeded  in  Bhowing  that  ailve 
and  mercury,  under  a  considerable  preBBare,  ore  lejiorated  from  the  solutions  of  oertaii 
Ot  their  compoonds  by  meant  nf  hydrogen.  Heoction  already  commencjea  nnder  a  pree 
■ore  of  sii  atmospheres,  if  ■  iveak  noluliuii  of  silver  sulphate  be  taken  ;  with  a  stronger 
■olntion  a  mncli  greater  presanre  is  required,  however,  for  the  sepomtion  of  the  silver. 

"  For  the  some  reason,  many  metals  iu  acting  on  solatioUH  of  the  alkalis  displace 
hydrogen.  Alnminiam  acts  particularly  clearly  in  this  respisct,  becanae  ite  oxide  gives  a 
•olDble  couiponnd  with  alkalis.  For  the  luune  reason  tin,  in  acting  on  hydrocliloric  : 
evolrex  hydrogen,  and  silicon  does  the  same  vith  bydroflaorjc  acid.  It  is  evident 
iu  inch  oBsea  tlie  sum  of  all  the  aJHnitiea  plays  a  port ;  for  instuice,  taking  the  octii 
liBD  on  Bnl|)hurie  acid,  we  have  the  afltnity  of  sine  (oroiygen  (forming  line  oiide,  ZnO), 
the  affinity  of  its  uijde  tor  snlphoric  anhydride,  SOj  (forming  line  aolphata,  Zn»Oi),  and 
the  affinity  of  the  reeuItODt  salt,  ZnSO^,  for  water.  It  la  only  the  first-named  affinity  that 
•da  in  the  reaction  between  water  and  the  metal,  if  no  account  is  token  of  those  forcea 
(of  a  physico-mschuiical  character)  which  act  between  the  moleculua  (for  iiiatonce,  the 
oohesion  between  the  molecnles  of  the  oxide)  and  those  forces  (of  a  chemical  character) 
whiota  act  between  the  atoms  formin|;  the  molecule,  tor  instance,  between  the  atoms  o 
iijdrogen  giving  the  molecule  H,  containing  two  atom*.  I  Doniidei  it  necoasaiy  ti 
■muufc,  that  the  hypothesis  of  the  offlnity  or  endeavour  of  heterogeneouit  atoms  tc 
Into  a  common  eysteui  and  in  harmonious  movetueut  (>>.,  to  form  a  compound  molecule) 
anul  inevitably  be  in  accordance  nilh  the  hypothesis  of  forcea  inducing  homogeneoua 
alrana  to  form  complex  moleculea  (for  inaConc*,  Hj),  and  to  build  up  the  latter  into 
■olid  or  liquid  sabitaiicee,  in  which  the  existence  of  an  attrootion  lietweej 
eaneone  particles  most  certainly  be  admitted.  Therefore,  those  forces  whicli  bring  about 
■olntioB  must  also  be  taken  into  conaideration.  These  are  all  forces  of  one  and  the  sa 
may  be  seen  the  great  diCHcultiee  surrounding  the  study  of  mi 

'*  The  representation  given  above  of  the  cause 

lulphnrio  acid,  oatarally  forma  a  hypothesis  whii 

it  first  sight  that  this  hypothesis  exhibii 

10  affinily  which  reigned  in  paal  times,    i 

■■a  (and  hydrogen  is  evolved)  by  n 

J  of  Oio   Mill        


which  might  be  prodi 
-      ■    Inenue  of  a  lore 
.pable  of  being  I 


h  explains  only  what  ia  obaervcd. 
i  any  similarity  to  the  byi>o(lieaia  of 
ooording  to  that,  it  was  supposed  that 
Lson  of  the  affinity  for  the  aDlphuric 
iced,  and  that  decomposition  conld 
!  in  respect  to  a  snbHtanue  which  luis 


water  by 
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for  this  purpose  ;  from  it  the  hydrogen  is  displaced  by  many  metals  with 
incomparably  greater  facility  than  directly  from  water,  and  such  a 
displacement  is  accompanied  by  the  evolution  of  a  large  amount  of 
heatJ'^  By  the  action  of  zinc  or  iron  on  sulphuric  acid,  hydrogen  is 
evolved,  because  the  metal  replaces  it.  When  the  hydrogen  in  sulphuric 
acid  is  replaced  by  a  metal,  a  substance  is  obtained  which  is  called  a 
salt  of  sulphuric  acid  or  a  sulphate.  Thus,  by  the  action  of  zinc  on 
sulphuric  acid,  hydrogen  and  zinc  sulphate,  ZnS04,  *^®  obtained. 
The  latter  is  a  solid  substance,  soluble  in  water.  In  order  that  the 
action  of  the  metal  on  the  acid  should  go  on  regularly,  and  to  the  end, 
it  is  necessary  that  the  acid  should  be  diluted  with  water,  which  dis- 
solves the  salt  as  it  is  formed  ;  otherwise  the  salt  covers  the  metal, 
and  hinders  the  acid  from  attacking  it.  Usually  the  acid  is  diluted 
with  from  three  to  five  times  its  volume  of  water,  and  the  metal  is 
covered  with  this  solution.  In  order  that  the  metal  should  act 
rapidly  on  the  acid,  it  should  present  a  large  surface,  so  that  a  maxi- 
mum amount  of  the  reacting  substances  may  come  into  contact  in  a 
given  time.  For  this  purpose  the  zinc  is  used  as  strips  of  sheet  zinc, 
or  in  the  granulated  form  (that  is,  zinc  which  has  been  poured  from  a 
certain  height,  in  a  molten  state,  into  water).  The  iron  should  be  in 
the  form  of  wire,  nails,  tilings,  or  cuttings. 

The  usual  method  of  obtaining  hydrogen  is  as  follows  :  A  certain 
quantity  of  granulated  zinc  is  put  into  a  double- necked,  or  Woulfe's, 
bottle.  Into  one  neck  a  funnel  is  placed,  reaching  to  the  bottom  of 
the  bottle,  so  that  the  liquid  poured  in  may  prevent  the  hydrogen  from 

itself,  even  at  the  ordinary  temperature,  but  that  the  action  is  limited  by  small 
masses  and  only  proceeds  at  the  surface.  In  reality,  zinc,  in  the  form  of  a  very 
line  powder,  or  so  called  *  zinc  dust,'  is  capable  of  decomposing  water  with  the 
formation  of  oxide  (hydrated)  and  hydrogen.  The  oxide  formed  ivcts  on  sulphuric  acid, 
water  then  dissolves  the  salt  produced,  and  the  action  continues  because  one  of  the 
products  of  the  action  of  water  on  zinc,  zinc  oxide,  is  removed  from  the  surface.  One 
might  naturally  imagine  that  the  reaction  does  not  proceed  directly  between  the  metal 
and  water,  but  between  the  metal  and  the  acid,  but  such  a  simple  representation,  which 
we  shall  cite  afterwards,  hides  the  mechanism  of  tlie  reaction,  and  does  not  permit  of  its 
actual  complexity  being  seen. 

1^  According  to  Thomsen  the  reaction  between  zinc  and  a  very  weak  solution  of 
sulphuric  acid  evolves  about  38,000  calories  (zinc  sulphate  being  formed)  per  65  parts 
by  weight  of  zinc ;  and  50  parts  by  weight  of  iron — which  combine,  like  65  parts  by 
weight  of  zinc,  with  16  parts  by  weight  of  oxygen — evolve  about  25,000  calories  (forming 
ferrous  sulphate,  FeS04).  Paracelsus  observed  the  action  of  metals  on  acids  in  the 
seventeenth  century ;  but  it  was  not  until  the  eighteenth  century  that  Lemery 
determined  that  the  gas  which  is  evolved  in  this  action  is  a  particular  one  whicli  differs 
from  air  and  is  capable  of  burning.  Even  Boyle  confused  it  witli  air.  Cavendish 
determined  the  chief  properties  of  the  gas  discovered  by  Paracelsus.  At  first  it  was 
called  '  inflammable  air ' ;  later,  when  it  was  recognised  that  in  burning  it  gives  water, 
it  was  called  hydrogen,  from  the  Greek  words  for  water  and  generator. 


t  of  water."     If  sulphuric  acid  be  now  poured  into  the  Woulfe's  bottle, 
)  it  will  Bocin  be  seen  thftt  bubbles  of  a  gas  are  evolved,  which  is  hydrogen. 


L  certain  prelimin&rj  kaowledge,  «« 

paralian  and  eolleelion  of  gaiei. 

'Upply  of  liydcogen  {or  oth«r  gis  irhich  i» 

diti  appantau  represented  in  fig.  31  is  llie 


iving  orifices  tt  the  bottom,  in  wbiuli 

uid  tliese  tubes  are  conoected  hj  sn  iudia-Toliber  tnbe 

,g  elunp),     Zino  in  planed  in  one  bottle,  and  dilate  sal- 
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The  first  part  of  the  goa  evolved  should  not  he  collected,  .  _.  _. 
mixed  with   the  air  originnUy   in   the   appiiratua.      This  preoiutiou 

[ihnrioKiidiutbe  oUier.  Tin?  neck  of  the  lonner  is  doHed  by  a  cork,  whi(?h  is  fitted  vith 
n  gu-eonducting  tabe  with  a  ttop-cock.  II  Ilie  twn  battles  Aie  put  b  coinmunicAtioD 
wieh  each  other  uid  the  cock  be  opened,  t1i«  acid  will  flow  to  tho  rino  nnd  erolre  hydro- 
gen. II  ihe  cock  be  cloaed,  the  hydrogen  trill  force  out  the  iK-id  from  the  bottle  contain- 
ing the  atte,  and  the  uitjon  vill  ceiUB.  Or  the  vesael  contAining  the  acid  may  be  placed 
at  a  lower  level  than  that  contoinuiF;  the  zinc,  when  all  the  lir]uid  will  Sow  into  it,  and  in 
older  to  atart  the  notion  the  acid  venel  Diuy  lie  placed  on  a  higher  level  than  the  other. 
»iid  the  acid  will  flow  to  the  liiio,  Snch  an  ananf^etnent  preaeata  the  iitnpleat  form  of  a 
riintinuoQily-acting  appaiataii,  which  n  of  great  age  in  chemical  work.  It  cui  also  be 
employed  for  oollectiDg  gnaes  |aa  an  aspirator  or  gasometer). 

In  laboratory  practice,  howevsr.  other  fomm  of  apparatus  are  generully  employed  For 
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I  should  be  tAken  iu  the  preparation  of  all  gases.  Time  must  be  allowed 
iCnr  the  gas  evolved  to  displace  all  the  air  from  the  apparatus,  other- 
cork,  throuich  wbicli  a,  glass  tabs  poBses,  is  fixpd  into  tbe  aetjt  of  Uiis  vtwiiel.  U  the 
veasul  be  filled  up  witb  wntet  to  tbe  cork  uid  tha  bottom  utop-coek  be  opened,  then  the 
voter  will  run  out  und  druw  gat  in.  For  tbis  parpoao  the  gbue  tube  ia  CAtuiected  nith 
the  appaiikluH  (mm  whieh  it  it  doHiied  to  pump  nut  or  ethaunt  tbe  gas. 

The  Mpirator   ropreseuted   in   fig.    M    omy  lie   reconinieiiilsd   for    iti  nratinuoue 

■nd  narrow.  In  Cbe  expanded  upper  portion  c,  two  tubeR  ure  He&led ;  one,  e,  lor  druwinir 
in  the  gxe,  whilst  the  otliei,  b,  ia  connected  to  the  water  anpplj  rr.  Tha  amount  of  water 
■applied  throagh  the  tube  b  munt  be  less  tban  the  lUDUunt  whieb  can  be  Earned  oB  by 
the  tube  d.  Owing  to  this  the  vnter  in  the  tube  if  will  flow  through  it  in  cjliuden 
•llenuitiiigwithoylinaeraot  (iaa.whiibnill  hethua  carried  away.  The  gaM  which  ii  drawn 
tfaroogh  may  be  collected  from  the  end  of  tbe  lube  ('.  bat  thii^  form  of  pump  ie  UBiully 
employed  whore  the  air  or  gas  aspirated  is  not  to  be  uollecled.  H  the  tube  J  i»  of  ton- 
■iderable  length,  Kay  10  (t,  or  more.  a.  very  fair  viicuam  w'll  be  prodoced  t1  e  amount  of 
which  ia  ahown  by  the  gunge  g;  it  is  often  uied  for  hitenng  uu  ler  redu  nd  i  teBsnre  as 
■hown  in  the  figure.  I(  water  be  replaced  by  c  ercnry  and  the  ength  of  the  tuba  d  be 
than  760  mm.,  tbe  agpinttor  may  be  e  ployed  as  an  ur  pan  p  and  all  the  air 
ky  be  eihsuBted  from  a  limited  space :  tor 


^■My  be 
^^pbem. 


GatkolilfTi  are  olten  used  (or  uoUHotinji;  a 
ftinpUte,  Tbe  usual  form  is  show 
hMmetically  light  —  i.e.,  impBrriona  to 
gaan — Mid  ia  Riled  with  wal«r.  A  (umiel 
is  attached  to  this  vessel  (on  several  sup- 
port*), The  VHseel  B  communiculos  witb 
^t  bottom  of  the  faimel  by  a  itnp-cock 
~  lad  a  tnbe  a,  reaching  to  the  bottom  of 
el  B.  If  water  be  pouml  into  the 
lel  ftnd  the  atop-cochfl  a  and  b  opened, 
water  will  mn  through  a,  and  the  air 
lie  vessel  B  by  5.  A  gla»> 
the  side  of  the  vessel  B.  n-ith 
imicates  at  tbe  top  and  bot- 
tom, and  shows  the  amount  ol  water  and 
guthe  gaeholderoon tains.  In  order  to  fill 
the  gaiholder  with  a  gas.  it  is  first  filled 
with  water,  the  cocks  a,  6  and  a  am  dosed. 
the  not  d  anscrewed,  and  the  end  of  the  tnbe 
oandncting  the  gas  from  the  apparatus  in 
which  it  is  generated  is  passed  into  (',  As 
the  g(w  fills  the  gasholder,  the  water  rans 
out  at  (f.  If  the  pressure  of  a  gas  be  not 
greater  than  tbe  atmospheric  pressure  and 
it  be  required  to  collect  it  in  tlie  gasliolder, 
then  the  cock  e  is  put  into  eommnnicjii 
with  tbe  sps«e  containing  the  gas.    Tl 

tbe  orifice  d,  the  gasholder 
Vka  an  anuntor;  the  gas  will  pass 

-   -.™K,rna,o«.l.l    11  1 1,  •■ -ci„l.  U, , 

ooehi  be  closed,  the  gas  collected  in  the  gssbulder  may  be  easily  preserved  andtr 

ported.     If  it  be  deaired  to  transfer  this  gas  into  another  vessel,  then  a  gaa-conduc 

tube  is  attached  to  f.  the  cock  a  opened,  li  and  d  closed,  and  then  the  gas  will  pass 

at  e,  owing  to  its  pressure  io  the  apparatus  being  grejiter  than  tbe  atmospheric  presi 
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wise  in  testing  tlie  combuatibilitj'  of  the  hydrogen  an  fixplosion  may 
occur  froni  the  formaticm  of  detonating  gas  (the  mixture  of  the  oxygen 
of  the  air  with  the  hydrogen)." 

Hydrogen,  which  is  contained  in  water,  and  wlitch  therefore  can 
be  obtained  from  it,  is  also  contained  in  many  <.>ther  substances,'"  and 
may  be  obtained  from  them.  As  examples  of  this,  it  may  l»e  men- 
tioned {!)  that  a  mixture  of  formate  of  sodium,  CHNaO,,  and  caustic 
Boda.  XaHO,  when  heated  to  redness,  forms  sodium  carbonate,  Na,COj, 
and  hydrogen,  Hj  ;  "*  (2)  that  a  number  of  organic  substances  are 
decomposed  at  a  red  heat,  forming  hydrogen,  among  other  gases,  and 
thus  it  is  that  hydrogen  ia  contained  in  ordinary  lighting  gas. 

Charcoal  itself  liberates  hydrogen  from  steam  at  a  high  tempera- 
ture ;  ■*"  but  the  reaction  which  here  takes  place  ia  disttnguiahed  by  a 
certain  complexity,  and  will  therefore  be  considered  lat^r. 

owing  t"  the  presBiir©  of  tha  water  iKinrad  into  the  (unnel.     If  it  lie  required  to  fill  a 
Eylinder  of  tiik  witb  the  gas.  it  is  filled  with  water  and  inverted  in  the  fannel,  nod 
.    the  8top-(!ocka  li  luid  ii  openEd.     Then  wMer  will  ma  through  a,  nnd  the  ga.'i  will  eaeape 
friuD  the  gnMholder  into  the  ojUuder  through  h. 

"  Whou  it  ia  reqairad  to  prepare  hydrogen  in  lutue  quantitiei  for  filliug  bftlloons, 
copper  veBseU  or  wnndeu  duIib  lined  with  lead  tue  employed ;  they  ore  fllti-d  with  ecmp 
iron,  over  which  dilute  sulpharic  iwid  ia  peared-  The  hydrogen  genc^rated  f rum  a  number 
of  culfft  in  oarried  through  leodpipen  into  HpeciaJ  caaka  conduning  water  {in  order  to  cool 
tbs  goa)  and  lime  (in  order  to  remove  acid  famea).  To  avoid  loaa  of  gaa  all  the  points 
are  made  hermetiually  tight  with  a,  ptale  □[  planter  or  tar.  In  order  to  fill  hia  gigantic 
balloon  <□!  Sfi.OOO  cubic  metrea  capacity}.  QilTard,  in  IHTB,  conatniDted  a  complicated 
aplNvratua  forgiving  a  enntinnons  Bnpply  of  hydrogen.in  which  a  miitnre  of  sulphuric 
acid  and  water  wna  vonlinually  run  into  reaaeU  containing  iron,  and  from  which  the 
Bolation  ot  iron  anlpliate  formed  waa  cantinuall;  drawn  oB.  Wh«n  cual  gaa,  ex- 
tracted from  Doal,  ia  employed  tor  filling  balloons  it  ahonld  be  aa  light,  or  ua  rich  in  hydrogen, 
aa  poaaible.  For  thia  reason,  only  the  last  portiana  of  the  gaa  coming  from  the  retorts 
are  collected,  and,  besides  this,  it  ia  then  aometimen  paaaed  through  led-hot  vesaels.  iu 
order  tu  decompoae  the  hydrocarbons  aa  much  as  poasible ;  charcoal  ia  di>pusited  in  tbe 
red-hot  veaaels,  and  liydmgen  remaina  as  gas.  Coal  gaa  may  he  yet  Inrther  enriched 
in  hydrogen,  and  conseqnently  rendered  lighter,  by  pasaing  it  over  an  ignited  mixture  of 

"  Of  the  metsls,  only  a  very  few  combine  with  hydrogen  (for  eiample,  Hodinin), 
and  give  anbstanoes  which  are  eaaily  decomposed.  Of  the  uan-metala,  the>halo- 
gens  (finorine,  chlorine,  bromine,  aud  iodine)  moat  easily  fomi  their  unique  hydrogen 
oompounda  ;  of  thPae  the  hydrogen  compound  of  chlorine,  and  itiU  more  thst  of  floorine, 
is  stable,  whilst  those  of  bromine  and  iodine  are  easily  decomposed,  eapeciallf  the 
latter.  The  other  non-metals— for  instance,  sulphur,  carbon,  and  phoaphoms — giTS 
hydrogen  compounda  of  different  composition  and  properties,  hut  they  are  all  less  stable 
than  woter.  Tbe  number  of  the  carbon  couipoonda  of  hydrogen  is  enormous,  bat  there 
are  very  few  among  them  which  are  not  decomjiosed,  with  aeparatbn  of  the  carbon  atid 
hydrogen,  at  a  red  heat. 

IB  The  reaction  eipresaed  by  the  equatiou  CNoHO.,  +  NaHO-CNajOj-FHj  may  be 
effected  in  a  glass  vessel,  like  tbe  deuompoeitiou  of  copper  carbonate  oi  mercury  oxids 
(lee  Introduction) ;  it  is  non-rvventible.  and  takes  place  without  the  presence  of  water, 
and  therefore  Pictet  ((ci-  later)  mode  nae  of  it  to  obtain  hydrogen  under  great  pressure. 

■"  The  reaction  between  cbarcoa]  and  superheated  steam  1^  a  double  one — that  is.  there 
may  be  formed  eitbor  carbonic  oiide,  CO  (according  to  the  equation  H.jO  -I-  C  =  Hj  -I-  CO),  or 
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^H  The  properties  of /lyili-m/en.— Hydrogen  presents  ua  with  an  example 

^V   of  a  gas  which  at  first  sight  does  nut  dilfer  from  air.     It  is  not  sur- 
^^     prising,  tliei-efore,  that  ParaceUus,  ha\'ing  diacovereJ  that  an  aeriform 
substance  is  obtained  by  the  action  of  metals  on  sulphuric  acid,  did  not 
quite  determine  its  difference  from  air.     In  fact,  hydrogen,  like  air,  is 
colourless,    and   has  no  smell  ;^'  but  a  more   intimate  acquaintance 
with  its  properties  proves  it  to  be  entirely  different  from  «ir.     The  first 
sign  which  distinguishes  hydrogen  from  air  is  its  combustibility.     Tlds 
I  property  is  so  easily  observed  that  it  is  the  one  to  which  recourse  ia 
usually  hail  in  order  to  recognise  hydrogen,  if  it  is  evolved  in  a  re- 
action, although  there  are  many  other  combustible  gases.      But  before 
'   si>eaking  of  the  combustibility  and  other  chemical  properties  of  hydro- 
[  gen,  we  will  first  describe  the  physical  properties  of  this  gas,  as  we  did 
'  in  the  case  of  water.      It  is  easy  to  show  that  hydrogen  ia  one  of  the 
I  lightest  gases. *^      Tf  passed  into  the  bottom  of  a  flask  full  of  air, 

onicanliydriaeCO.jlaccoiilmg  to  Uieeqn«tiua  aH,0  +  Ca3Bi  +  C0.f),Bnd  the  resnll- 

miitnre  ia  called  ifaler-giu ;  we  ahal]  spe&k  of  it  In  describing  the  mides  nl  cubon. 

'  Hjdmgen  nhtnined  bj  the  action  of  zinc  or  iron  on  mlphiuic  acid  generally  smellB 

I    ot  bjdrogen  snlphide  (like  rotten  eggs),  which  it  Li>iitiun9  in  adiuixCare.    As  a  rnle  lucb 

hydrogen  is  not  ao  pare  aa  that  oblnined  bj  tbe  action  of  ui  electric  current  or  of  sodimn 

ater.    The  impurity  ot  titb  bydrogeu  depends  on  tlie  imporlties  eontaJned  in  the 

DT  iron,  and  enlphnria  acid,  and  on  secondary  reaotionB  which  take  place  limul- 

taneoualy   with    the   main    reaction.     Thus    iron    inlphide    gives   hydrogen    lolphidc 

(FeS  +  H.j80,  -  QtS  +  FeSO^).     However,  the  hydrogeo  obtained  in  thia  manner  may  be 

eaaily  freed  from  the  impuiiCiee  it  containe :  eome  of  them — namely  thole  having  acid 

properties — are  absorbed  by  caustic  soda,  and  therefore  may  be  removed  by  passing  the 

hydrogen  through  a  solation  of  this  snbstance ;  another  series-of  Impurities  is  absorbed 

by  a  oolnUon  of  mercuric  chloride ;  and,  lastly,  a  third  series  is  absorbed  by  a  solation  ot 

potaesinm  permangnnate.     The  hydrogen  may  be  dried  by  passing  it  over  sulphuric  acid 

or  calcium  chloride.      The  substances  serving  (or  purilying  the  hydrogen  are  either 

pUoed  in  Woulfe'ii   bottles,  or  in   tubes  containing  pomice  stone  moistened  with  the 

poritying  agent.    The  surface  of  contact  is  then  greater,  and  the  purification  pror«eda 

more  rapidly.     If  it  be  desired  to  procure  completely  jiure  hydragen,  it  is  soDietiineB 

obtuned  by  the  decomposition  ol  water  (previonsly  boiled  to  expel  al!  air.  and  mixed 

with  pare  sulphuric  acid),  by  the  galvanic  current.     Only  the  gas  evolved  at  the  negative 

I   eleotroda  is  collected.    Or  else,  an  apparatus  like  that  which  gives  delnnating  gas  is  nsed, 

L  only  the  positive  electrode  being  immersed  under  mercury  containing  xinc  in  solution. 

I  The  oxygen  which  is  evolved  at  this  electrocle  then  immedintely,  at  the   moment  of  its 

I  lavalutioD,  combines  with  the  zinc,  and  thii  compound  diBsolves  in  the  sulphuric  acid  and 

s  DJIC  BulpliaLe,  which  remains  in  solati(m.  and  therefore  the  hydrogen  geueratwl 

[  will  be  quite  free  from  niygen. 

"  An  inverted  beaker  is  attached  In  uu«  arm  of  the  livim  of  a  rather  senaitirc 
•  baluioe,  and  its  weiRht  rotinterpoised  by  wi^igkta  in  tlie  pan  attached  to  the  other  arm. 
[.It  the  beaker  be  then  BUed  with  hydrogen  it  rises,  owing  to  the  air  being  replaced 
I  Vy  hydrogen.  That,  at  the  ordinary  temperature  of  a  room,  a  litre  of  air  weighs 
[i  about  I'D  grams,  and  oo  replacing  the  air  by  hydrogen  a  decreaae  in  weight  of  about  1 
t  gram  per  litre  ia  obtnined.  Moist  hydrogen  is  heavier  than  dry — lor  aqueous  vapour 
■  .-b  nine  tinieBbesvier  Chan  hydrogen.  In  fillingbaltoons  it  is  usually  calculated  that  {it 
^  being  inipouihle  to  have  perfectly  dry  hydrogen  or  to  obtain  it  quite  free  from  air) 
n  tte  tilling  lorce  is  equal  to  1  kilogram  |  --I.OIH)  grams)  per  cnbic  metre  { a  1,000  litres). 
VOL.   I.  K 
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hydrr>gen  will  not  remain  in  it,  but,  owing  to  its  lightness,  rapidly 
e5K»pes  and  mixes  with  the  atmosphere.  If,  however,  a  cylinder  whose 
orifice  is  turned  downwards  be  filled  with  hydrogen,  it  will  not  escape, 
or,  more  correctly,  it  will  only  slowly  mix  with  the  atmosphere.  This 
may  be  demonstrated  by  the  fact  that  a  lighted  taper  sets  fire  to  the 
hydrogen  at  the  orifice  of  the  cylinder,  and  is  itself  extinguished  inside 
the  cylinder.  Hence  hydrogen,  being  itself  combustible,  does  not 
mpport  combustion.  The  great  lightness  of  hydrogen  is  taken  advan- 
tage of  for  balloons.  Ordinary  coal  gas,  which  is  often  also  used  for 
the  same  purpose,  is  only  about  twice  as  light  as  air,  whilst  hydrogen  is 
14^  times  lighter  than  air.  A  very  simple  experiment  with  soap  bubbles 
very  well  illustrates  the  application  of  hydrogen  for  filling  balloons. 
Charles,  of  Paris,  showed  the  lightness  of  hydrogen  in  this  way,  and  con- 
structed a  balloon  filled  with  hydrogen  almost  simultaneously  with  Mont- 
golfier.     One  litre  of  hydrogen^  at  0°  and  760  mm.  pressure  weighs 

®  The  density  of  hydrogen  in  relation  to  the  air  has  been  determined  by  accurate 
eicperiment«.  The  first  determination,  made  by  LaToisier.  was  not  entirely  exact ;  taking 
the  density  of  air  as  nnity,  he  obtained  0*0769  for  that  of  hydrogen — that  is,  hydrogen  as 
thirte«»n  times  lighter  than  air.  Later  determinations  have  corrected  this  figure,  the 
most  Accnrate  determinations  being  dne  to  Thomsen,  who  obtained  the  fignre  0'0<)9S ; 
Berzelias  and  Dolong,  who  obtained  0*0688;  and  Damas  and  Bansen.  who  obtained 
0'06945.  Bat  the  most  exact  determination  of  all  is,  without  doubt,  due  to  Regnaalt. 
He  took  two  spheres  of  considerable  capacity,  which  contained  equal  volumes  of  air 
(thus  avoiding  the  necessity  of  any  correction  for  weighing  them  in  air).  Both  spheres 
were  attached  to  the  scale  pans  of  a  balance.  One  was  sealed  ap.  and  the  other  first 
weighed  empty  and  then  full  of  hydrogen.  Thus,  knowing  the  weight  of  the  hydrogen 
filling  the  sphere,  and  the  capacity  of  the  sphere,  it  was  easy  to  find  the  weight  of  a  litre 
of  hydrogen ;  and,  knowing  the  weight  of  a  litre  of  air  at  the  same  temjwrature  and 
pressure,  it  was  easy  to  calculate  the  density  of  hydrogen.  Regnault,  by  these  experi- 
ments, found  the  average  density  of  hydrogen  to  be  0'06926  in  relation  to  air,  or  including 
the  necessary  corrections  0*06949. 

In  this  book  I  shall  always  refer  the  densities  of  all  gases  to  hydrogen,  and  not 
to  air ;  therefore,  for  the  sake  of  clearness,  I  will  cite  the  weight  of  a  litre  of  dry  pure 
hydr^jgen  in  grams  at  a  temperature  t°  and  under  a  pressure  H « measured  in  millimetres 
of  mercury  at  0' ,  in  long.  45*^).     The  weight  of  a  litre  of  hydrogen 


=  0*08958  x-^  X ^ 

760     1  +  000367^ 


—  gram. 


For  a4'ronauts  it  is  very  useful  to  know,  besides  this,  the  weight  of  the  air  at  different 
heights,  and  I  therefore  insert  the  adjoining  table,  constructed  on  the  basis  of  Glaisher's 
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O-OSgCTS  gram  ;  that  is,  hydrogen  is  almost  Hi  {more  exactly,  U-48)l 
times  lighter  than  air.    It  is  the  lightest  of  all  gases.    The  small  deiisil 
of  hydrogen  determines  many  rerQitrkable  properties  which  it  shows 
thus,  hyttrogsn  flows excaedingly  rapidly  from  fine  orifices,  its  moleculei^j 
(Chap.  I.)  being  endued  with  the  greatest  velocity  of  movement.' 
pressures  somewhat  higher  than  the  atmospheric  pressure,  all  other 
gases  exhibit  a  greater  coiapresaibility  and  co-efficient  of  expansion  th 
they  should  according  to  the  laws  of  Mariotte  and  Gay-Lussac  ;  whilst 
hydrogen,  on  the  contrary,  is  less  compressed  than  should  follow  from 
the  law  of  Mariotte,^*  and  with  a  rise  of  pressure  it  expands  slightl' 

iaU,  for  the  temperstntB  und  moisture  of  tlia  alraoBplie™  BtroM  in  clear  we»ther.  A] 
Uie  Bgureit  »»  given  ia  the  metrical  B;st«ni— 1000  oiillimetres  -  Sil'ST  inches.  1000  kik 
liramii^aaoi '3,175  Iba..  lODO  cubic  tnetreii  =  S5316-6  onbie  (eet,  Tlie  stuting  tain[ierii.tnf 
nt  the  euth'a  mrliuie  is  tskeu  u  ••IS"  C,  its  moistare  00  p.c,  preuure  THO  millimetrei 
The  prSBBUres  nre  tnken  ■«  indicated  by  an  aneroid  baroiiifter.  asinmed  to  be  corrixMi 
fti  the  eek  leiel  anil  at  long,  4G^. 

Although  the  Bgnresof  this  table  are  cnlcnUted  with  every  poBsible  core  fioni  averaff 
data,  yet  thej  can  only  be  taken  tor  an  elementary  judgment  of  the  matter,  for  in  evw; 
■eparate  coee  the  conditiouc,  both  at  the  earth's  anrfoce  olid  in  the  atmosphere,  nill  diSt 
tram  those  here  taken.  In  calcalating  the  height  to  which  a  buUooD  oaii  BBcend.  it  j 
oi'ideot  that  the  density,  of  gai  in  relation  to  air  moat  be  known.  This  density  (o 
ordinary  coal  gas  is  from  O'B  to  0-8o,  ami  fpr  hydrogen  with  ila  ordinary  conteuta  E 
moistnre  and  air  from  ly\  to  O'lS. 

Hence,  for  instance,  it  may  be  calcuUCecI  that  a  balloon  of  lODO  cubic  metres  oapacit 
BIM  nilb  pore  hydrogen,  and  weighing  (the  envelope,  tackle,  people,  and  ballaittl  79 
kilograms,  will  ascend  to  a  height  of  not  much  more  than  43S0  metres. 

X  If  a  cracked  flask  be  filled  with  hyilrcgen  and  its  neck  immersed  under  water  g 
mercury,  then  the  liquid  will  rise  np  into  the  flask,  owing  to  the  hydrogen  paasia 
Ibroogh  the  cracks  about  B-8  times  qnicker  than  the  air  ii  able  lo  pass  through  Ihei 
cracks  into  the  flaak.  The  same  thing  may  be  better  seen  if,  instead  of  a  flank,  a  tub 
whose  end  is  closed  by  a  porooe  substance,  such  as  graphite,  imglazed  earthenware,  or 
gfptoia  plale,  be  employed. 

"  According  to  Boyle  and  Hariotte'e  lair,  for  a  giien  gas  at  a  conttant  temperature  th 
volume  decreases  by  as  many  times  ait  the  presanre  increases  1  that  is.  this  law  requin 
thai  the  product  of  the  volume  17  and  the  pressure  ;i  tor  a  given  gas  sbould  be  a  const^B 
■inantity ;  jic-C,  a  constant  quantity  which  does  not  vary  with  a  change  ot  prM 
Mire.  In  reality  this  equation  does  very  nearly  and  exactly  express  the  observed  reli 
tjon  between  the  volume  and  pressure,  but  only  within  comparatively  small  rariatlona 
-ol  preaaure,  density,  and  volume.  If  these  lariationa  be  in  any  degree  considerable,  the 
qnantitj  Jin  proves  to  be  dependent  on  the  pressnre.and  it  either  increases  or  diminishes 
with  an  increase  of  pressare.  In  the  former  case  the  compressibility  is  leis  tlian  it 
•hontd  ba  acconling  to  Uaiintte's  hiw,  in  the  latter  caae  It  is  greater.  We  wi 
flnt  caae  a  pisitive  discrepancy  (because  then  d  (pv)  id  {p]  is  greater  than  lero),  and  tlMi 
wkobA  ease  a  negative  discrepanoy  Ibecaase  then  >(  <pv},<i  (jJ)  U  leas  than  leroj.  I>eCe»i^ 
ainatious  made  by  mynelt,  M.  L.  KirpicheK.  and  Hemilian  showed  that  all  km 
at  low  ]ii«s«nres.  wlien  onnaidembly  rarefied,  present  positive  discrepancies.  On  tha 
other  hand  it  appeari  from  the  researches  of  Cailletet,  Natterer,  and  Aiiuigat  that  >B'i 
fBHi  under  great  pressures  Iwben  llie  volume  obtained  is  500-1000  limes  lesH  thia. 
Dtidet  the  atmospheric  pressure)  also  present  positive  discrepanciet.  Thus  under  a  pro- 
■Qre  of  1700  atmospheres  air  is  compressed,  not  2T00  times,  but  only  800,  and  bydnigea 
1000  limes.  Hence  the  positive  kind  of  diei^repancy  is,  so  to  aay,  normal  to  gases.  AnA 
this  ia  rauly  understond.     Did  a  gas  folliin  Hariotte's  law,  or  were  it  compressed  to  • 
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less  than  at  the  atmospheric  pressure.*^  However,  hydrogen,  like 
Mr  and  many  other  gases  which  are  permaneDt  at  the  ordinary  teni- 

^KiLtereitent  than  in  iihown  by  this  law.  then  under  i;reiit  preRfiai-es  it  would  attain  a. 
density  greater  tbaa  that  of  nalid  and  liquid  HUbHtancea.  vliich  ia  io  itaelf  improbable  and 
even  impoaaible  by  reaaan  of  tbe  liict  that  solid  lUid  liqoid  anbstantes  are  themeelTea  hut 
little  compresaible.  For  instance,  &  cubic  centimetre  of  oxygen  at  IP  and  under  the  ftt- 
inoBpheric  pressure  weighs  about  UOfll-l  gram.  aiiA  at  a  pTessure  of  SOOO  fttmOBplieies 
(this  prenBOre  la  uttalued  in  guns)  it  wonld,  if  it  followed  Mariotte'H  Uw,  weigh  i"*  gcaOKi — 
that  is,  would  be  abont  fonr  times  heavier  than  water— and  at  a  presaure  of  1000(1  atnio- 
■pherea  it  would  lie  hearier  thaji  mBCcury,  Beaides  this,  positive  diacrepancieii  are  pro- 
Imfale  in  the  seuee  that  the  molecules  of  i  gaa  lliemseWeit  mnat  occupy  <L  certain  valnme. 
Admitting  that  Hariotte's  Uw  only  uppliea  to  the  intermolecaUr  space  still  we  find  the 
necosiitynt  positive  discrspanciea.  If  we  designate  the  volume  of  Uie  molecules  of  a  giw 
byAOikeVanderWaals.iieeChap.  I.  note  B4I,  then  it  musl  be  expected  that p  (e-h)-^C. 
Hence  jip-  C^bp,  wbioh  expresses  a  positive  discreiiancy.  S apposing  that  lor  hydrogen 
^1.'-' 1000,  at  a  pressure  n[  one  metre  of  mercnry,  according  to  the  resultfl  of  Regoaolt's, 
Aroogat's,  and  Nattorer'a  experiments,  we  obtain  6  as  approsiraaUtly  O'T  to  O'U. 

Thus  the  increase  of  pv  nitti  Ihe  Enorease  of  pressure  ninat  be  considered  as  the 
normal  law  ot  tbe  oompressibilitj'  ul  Kases.  Hydrogen  presents  auch  a  positive  compres- 
sibility at  all  pressarea,  [or  it  preeeiils  positive  discrepancies  from  Moriotte's  law,  accord- 
ing to  Regnault,  at  all  pressures  above  the  atmospheric  pressure.  Hence  hydrogen  is, 
so  to  say.  a  sample  gas.  No  other  gas  behaves  so  simply  with  a  change  of  pressure.  All 
other  gaaes  al  pressures  from  1  to  30  almosphwea  present  negative  discrepancies— that 
is,  tliey  are  then  compressed  to  a  greater  degree  than  should  follow  from  Moriotte's  law, 
as  was  shown  by  the  determinations  of  Hegnault,  which  were  verified  when  repeal«d  by 
myself  and  Bognzsliy.  Thus,  [or  example,  on  changing  tbepressure  from  4  to  SO  metres 
of  mercory— that  in,  on  increasing  the  pressure  five  tones— the  volume  only  decresmd 
4*98  times  when  hydrogen  was  taken,  and  504  when  air  was  token. 

The  diserepencles  from  the  law  of  Boyle  and  Mariotle  for  cODsidorable  pressurex 
(from  1  to  8000  atmospheres)  ore  well  eKpressed  (for  ctmstnnt  tenipemtiires)  by  the 
atiove-mentJonedformulaotVanderWaalsfChap.  I.  N'oteai);  Clausius'fonnuhi  is  mora 
closely  approximate,  but  as  it  and  Van  der  Wools'  formula  also  do  not  in  any  wny  express 
the  exiatenee  of  positive  discrepancies  frum  the  law  at  low  pressures,  and  as,  accord- 
ing to  the  above-mentioned  determinations  mode  by  mysolf ,  Kirpicheff,  and  Hemilian  and 
lerilied  (by  two  metliods)  by  E.  D.  Kroeritcli,  they  ore  proper  to  all  gases  (even  to  those 
which  ore  easily  compressed  into  a  liquid  state,  such  as  carbonic  aad  sulphurous  anhy- 
drides) ;  therefore  these  lormulie,  whilst  accurately  interpreting  the  phenomena  of  con- 
deuBBtioQ  and  even  of  liquefaction,  do  not  answer  in  tbe  ease  of  a  high  rarefaction  of 
gases- tliat  is,  to  that  instance  where  a  gas  approaches  to  a  condition  of  maximum  dis- 
persion of  its  molecules,  and  perhaps  presents  a  passage  towards  the  substance  termed 
'luuiiniferous  ether'  which  fills  up  interplanetary  and  interstellar  space.  If  we  suppose 
that  gases  are  roreflabie  to  a  definite  limit  only,  having  attained  which  they  (like  stjids) 
do  not  alter  in  volume  with  a  decrease  o(  pressure,  then  on.the  one  hand  tlie  passage  of 
the  atmosphere  at  its  upper  liim'ts  into  a  homogeneous  ethereal  medium  becomes  com- 
prehensible, and  on  the  other  hand  it  would  be  expected  that  gases  would,  in  a  state  of 
high  roiefootion  (i.*.,  when  small  masses  of  gases  occupy  large  volumes,  or  when  furthest 
removed  fromaliqnid  state)  present  positive  discrepancies  frcm  Boyle  snd  Mariotle'a  law. 
Our  present  acquaintance  with  this  province  of  highly  rarefied  gaaes  is  most  limited,  and 
its  further  development  piomises  to  elucidate  much  in  respect  to  natural  pheuoioetia.  To 
the  three  states  of  mailer  (solid,  liquid,  and  gaseous)  it  is  evident  a  fourth  must  Iw  yet 
sddcd,  the  ethereal  or  ullrs^gaseous  (sa  Crookes  proposed),  uoderstanding  by  this 
mutter  in  its  highest  possible  stale  of  tiirefaclion. 

"  Tlielswol  Gay-Lnssui:  states  that  all  gases  in  all  conditionspreaent  one  coefficient 
o(  expansion  0-0OBfl7 ;  that  is,  when  heated  from  Ifi  to  100°  ihey  exjinnd  like  air; 
namely,  a  thousand  volumes  ol  a  gas  meRsured  at  0°  will  occupy  1307  volnmes  nt  100°. 
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peratui^  does  not  pass  into  a  liquid  state  under   a  very  consider- 
able pressure,*^  but  is  compressed  into   a  lesser  volume  tlian  would 
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eipuiBian  □!  Iiydrogen  U  O'SIMJ.  and  of  cniboiiio  anhydride  OUT.  Keguaalt,  bawerer.  did 
not  directly  delermine  the  change  of  volume  between  the  0^  unit  10U°,  but  laemiured  the  I 
nriation  □[  tension  witb  the  oluinge  of  temperatore ;  but  u  gases  du  not  entirely  follow 
Horiotte's  law.  therefore  the  change  of  voluiae  ouuiut  be  directly  judged  by  the  variatioo 
of  tension.  The  inveBtigaliDnB  carried  on  by  myself  uid  Kayonder,  about  ISTO,  ehowed 
the  direct  Toriation  of  Tolume  on  heating  from  O'to  100".  Theae  inveiitigBtions  confirmed  , 
Begiuiiilt'a  Donclutiion  that  Qay-Lusiiac'a  law  is  uut  enliTely  correct,  and  further  Bbowed 
41)  that  the  eipaDiion  pervolume  trum  0°  to  100' uuder  a  presanre  ol  one  atmosphere, 
for  »ir-D*S68,  for  hydrogen  =  0'8flT,  for  carbonic  anhydride '^ (J-;I78,  for  hydrogen  bromide 
•  O'SBfl,  He;  (3)  tbat  for  goaea  u'liich  are  more  compresaible  than  should  follow 
fnuu  Hariotle'B  law  the  eipausion  by  heat  increaneH  with  the  preaHore — for  example, 
for  air  at  a  preaimre  of  three  and  a  half  atmospherea,  it  et^nala  ll'S71,  for  ciirbonio 
anhydride  at  one  atmosphere  it  eqnala  0878,  at  three  atmoapherea  0*380,  and  at  eight 
atmospheres  O'lia  ;  (3)  that  for  gaaea  which  ore  leaa  compreBtible  than  should  follow 
from  Mariotte'A  law,  the  expansion  by  heat  drcreaaes  with  an  increase  of  pressure— 
for  eiampU,  lor  hydrogen  at  one  atmosphere  D'Wl,  at  eight  atuioopherea  (1-861),  for  air  at 
a  qoarter  abnoaphere  0*370,  at  one  atmosphere  0*30S  ;  and  hydrogen  like  oiV  jaud  oil 
gaaes)  is  less  lorapiesaed  at  line  prcuHTft  than  should  follow  from  Mariotte's  law  I 
at  higher  pressures  than  the  stmoupherio  pressure  gives  a  contrary  result),  as  iRTestigk- 
tiou  made  by  myself,  aided  by  Kirpicheff  and  Heniilian.  showed.  Hence,  hydrogen, 
sUrting  from  xero  to  the  highest  pressures,  ethibita  a  gradually,  altbough  only  eliglitly, 
varying  coefficient  of  expansion,  whilst  for  air  and  other  gases  at  the  atmospheric  and 
higher  pressnres,  the  coefficient  of  eipanaion  increases  with  the  increase  of  pressure,  M 
long  as  their  ooiDpressibility  is  greater  than  should  follow  from  Mariotte's  law.  But 
when  at  considerable  pressnres,  this  kind  of  discrepancy  }>asBeB  into  the  normal  (see  Not« 
SS),  then  the  coefficient  of  eipansioo  of  all  gases  decreases  with  an  increase  of  pressure, 
•a  is  seen  from  the  researches  of  Amagat.  The  diSeience  between  the  two  coefflcienta 
of  expansion,  (or  a  constant  presenre  and  for  a  constant  loliime,  is  eiplaiued  by  these 
ralations.  Thus,  tor  example,  for  air  s.t  n  pressure  of  one  atmosphere  the  true  coefficient 
of  expanaion  (the  volume  varying  nt  constant  presBurel  =000868  (according  lu  Mends- 
UeS  and  Snyandei)  and  the  variation  of  tension  (at  a  ixmsCaixl  voluiue,  according  to 
Begnanlt)  -0*00387. 

'7  Permanent  gasca  ore  snch  as  cannot  be  liquefied  by  an  increase  of  pressure  alone. 
With  a  rise  of  temperature,  all  gases  and  vapours  become  permanent  gases.  As  we  alioU 
■ilerwarda  learn,  carbonic  anhydride  becomes  a  permanent  gas  at  temperatnres  above 
81°,  and  at  lower  temperatures  it  has  a  maiimum  Eension,  and  may  be  liquefied  by 
pressure  alone. 

Thr  liqurfaction  of  gases,  acconiplislied  by  Faraday  iiee  Anmionia)  and  others,  in 
(he  first  half  of  this  oentnry,  showed  that  a  number  of  substancei  are  capable,  like  water, 
of  taking  all  three  physical  states,  and  tbat  there  is  no  essential  djflerence  between 
vapoDiB  and  gases,  the  only  distinction  being  that  the  boihng  points  (or  the  tempeiataie 
'  liquids  lie  above  the  ordinary  tein|ieraturt,  and  tbosa 
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follow  from  Mariotte's  law.'^^  From  this  it  may  be  concluded 
tlmt  tlio  abtioluto  boiling  point  of  hydrogen,  and  of  gases  resembling 

Hiiturulttil  vaiMiurM  takoM  place.  The  temperatures  (according  to  the  air  thermometer) 
arti  pliuMul  (II)  thif  left,  and  the  tension  in  miUimetres  of  mercury  (at  0°)  on  the  right, 
hand  Hido  of  i\w  e<iuationii.  Carbon  bisulphide,  CS,,  0°  « 127*9 ;  10°  « 198*5 ;  20°  «=  298*1 ; 
W)'-4H1«»;  4(»®-«l7"6;  60°-8671.  Chlorobenzene,  CeH^Cl,  70°  =  97*9;  80°-=  141*8; 
lM)'«i.aOH4;  100* -292-8;  110^-402-6;  120° -642*8;  180°  =  719*0.  Aniline,  CflHjN, 
l(Mr*iHH'7;  nU»"-UH7'0;  170^-615*0;  180° -677*2;  185°  =  771*5.  Methyl  salicylate, 
(!,IU(),n,  iwr  -2494;  190^^-880-9;  200°-482'4;  210°-557*5;  220°«710*2;  224°«779*9- 
M«»rmn'y,  llg,  aoO^-246'8;  810^-804*9;  820°  =  878*7  ;  880°  =  454*4 ;  840°«648*6; 
860  -(mMO;  869' -770-9.  Sulphur,  S,  896° - 800  ;  428°  =  500;  448°  =  700;  452°  =  800; 
469'  -900.  ThtiMti  ftifurtts  (Ramsay  and  Young)  show  the  possibility  of  fixing  con- 
HtMitt  it>iiiiH«raturttit  in  Uie  va|H>urs  of  boiling  liquids.  The  tension  of  liquefied 
gaM»«*  in  «»iipiHiMii«td  in  atmospheres.     Sulphurous  anhydride,  SO2,  —  80°  —  0*4 ;  — 20°=0*6; 

\{)^\\  0*-l*6;  4  10^-2*8;  20°  =  8*2;  80°-5*8.  Ammonia,  NH5,  -40°=0*7; 
-hO  -11;  -yO'-lH;  10^-2*8;  0°- 4*2;  +10°  =  60;  20°  =  8*4.  Carbonic  anhydride, 
iM)„.  n6'*~0'mm;  -^hO'-I;  -70°  =  21;  -60°  =  8*9 ; -50°  =  6*8;  -40°  =  10;  -20°  =  28; 
0'^H^1  »  lO'-46;  20^-68.  Nitrous  oxide,  NjO,  -125°  =  0088;  -92°  =  1;  -80°=1*9; 
-  6<»**     V '  0 1     -  20  '  -  28- 1 ;     0^'  -=  801 ;      +  20°  =  55*8.      Ethylene,    C3H4,    - 140°  =  0*088 ; 

imi  Oil -108  -I;  40*^-18;  -1°  =  42.  Air,  -191°  =  1;  -158°=14;  -140°  =  89. 
Nah««tMi,  N4,  -208 '-0-086;  -198°  =  1;  -160°  =  14;  -146°  =  82.  The  methods  of 
lM|U«f,VliiM  tfi^M<*Mlby  pir<«SHure  and  cold)  will  be  described  under  anmionia,  nitrous  oxide, 
nUlphnv^inM  anhyilriih*.  and  in  later  footnotes.  We  will  now  turn  our  attention  to  the 
fH(4  Mmt  ihn  ifva|H>ratii>n  of  volatile  liquids,  under  various,  and  especially  under  low, 
|tu>«»ni«t«,  iilvttM  an  (Misy  means  for  obtaining  low  temperatures.  Thus  liquefied  carbonic 
au)(VtiU«tM,  nndi^r  the  ordinary  pressure,  reduces  the  temperature  to  —80°,  and  when  it 
i«V^|MiiuU<«  In  an  atmosphere  rarefied  (in  an  air-pump)  to  25  mm.  (  =  0088  atmospheres) 
Mn»  UMMpiuatuns  judging  by  the  above-cited  figures,  falls  to  —115°  (Dewar).  Even  the 
t>\rt|Miirtilon  of  liquids  of  common  occurrence,  under  low  pressures  easily  attainable  in  an 
all  |ii«Mi|i|  nnvy  prmluce  low  temperatures,  which  may  be  again  taken  advantage  of  for  ob- 
l-rtlMiiig  «titl  lower  temperatures.  Water  boiling  in  a  vacuum  becomes  cold,  and  under 
a  (iitmnui'ti  of  less  than  4*5  mm.  it  freezes,  because  its  tension  at  0°  is  4*5  mm.  A 
Auntrltmlly  low  temperature  may  be  obtained  by  forcing  fine  streams  of  air  tlux>ugh. 
<toinuion  nthor,  or  liquid  carbon  bisulphide,  CSj,  or  methyl  chloride,  CH5CI,  and  other 
Alniilai'  volatile  liquids.  In  the  adjoining  table  are  given,  for  certain  gases,  (1)  the 
nnniiier  of  atmospheres  necessary  for  their  liquefaction  at  15°,  and  (2)  the  boiling  points 
of  iho  n«Nultant  liquids  under  a  pressure  of  760  mm. 

i\n,        N,0         CO,         H,S        AsH,      NH,       HCl       CH.Cl      C,N,        SO, 
(1)  42  81  62  10  8  7  26  4  4  3 

CJ)       -103<>       -92°       -80°       -740       -68°       -38°       -36°       -24°       -21°       -10° 

"*  Natterer's  determinations  (1851-1854),  together  with  Amagat's  results  (1880-1888), 
uliow  that  the  compressibility  of  hydrogen,  under  high  pressures,  may  be  expressed  by 
thii  following  figures  : — 

100 

00107 

107 

10*8 

where  J9  =  the  pressure  in  metres  of  mercury,  v=  the  volume,  if  the  volume  taken  under 
a  pressure  of  1  metre  =1,  and  a  the  weight  of  a  litre  of  hydrogen  at  20^  in  grams.  If 
hydrogen  followed  Mariotte's  law,  then  under  a  pressure  of  2500  metres,  one  litre  would 
contain  not  85,  but  265,  grams.  It  is  evident  from  the  above  figures  that  the  weight  of 
a  litre  of  the  gas  approaches  a  limit  as  the  pressure  increases,  which  is  doubtless  the 
density  of  the  gas  when  liquefied,  and  therefore  the  weight  of  a  litre  of  liquid 
hydrogen  will  probably  be  near  100  grams  (density  about  01,  being  less  than  that  of  all 
other  liquids). 
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»it,*^  lies  very  much  below  tlie  ordinary  tcmpetutare  ;  that  is,  that  the 
liqnefaotiun  of  this  gan  is  only  possible  at  low  temperatures,  and  under 

"  Cigniard  de  Lalonr,  on  beating  etlier  ina  cloeed  tube  to  nboijt  190°,  obserrcdthil 
■tthiB  tcimpentare  the  Jiqaid  is  tnuiHfoniiod  into  v&paur  occupyiti^  ih«  origiiul  volume 
— UUit  IB,  hating  the  aamu  density  hk  Iho  liqaid.  The  (arther  inventigalioiiB  made  bj 
Drioa  uid  mjntlf,  showed  that  every  liijuid  haa  BQch  on dAm/nffl  frot^tn^jjotuf,  above  vhich 
itcuinot  exist  aa  n  liquid  and  is  transloimed  into  ft  denHi  gaa.  In  ordur  to  grasp  tha  troe 
■ignification  of  thi«  absolute  buUing  CuiopeniturD,  it  must  be  remembered  that  the  liqiiid 
gtate  is  chu'SJiteriaed  by  a  cohesion  of  its  [larticles  which  does  not  exist  in  vapoura  uid 
gmses.  The  cohesiiin  of  liquids  ia  eipresstid  in  their  capillary  phenomena  (the  brvaka 
in  a  column  of  liquid,  drop  formstion,  and  rise  in  capillary  tubes,  &c.),  and  the  prodnot  of 
the  density  of  a  liqaid  into  the  height  to  whiuh  it  rises  in  a  capillitry  tube  (of  a  definite 
diameter)  may  serve  as  the  measure  of  the  magnitude  of  cohesion.  Thus,  in  a  tube  ol 
t  mm.  diameter,  nater  at  1I>"  neestthe  beight  being  corrected  torthe  menigcoclH'Smm,. 
andetherat  t°  toabeight  G-HS-O-Oas  t~  mm.  The  cohesion  of  a  liquid  ia  lessened  b; 
heating,  and  therefore  the  capillary  heights  are  also  diminished.  It  has  beeu  shown 
by  experiment  that  this  decrement  ii  proportional  to  the  temperature,  and  hence  by  the 
aid  (^  capillary  obnervationa  we  are  able  to  form  aa  idea  that  at  a  cerlaiu  Hm  of 
temperatore  the  cohesion  may  beeomevU,  For  ether,  afcordin^  to  the  above  formula, 
(hit  would  happen  at  191°,  If  the  coheHou  disappear  from  a  liquid  it  becomes  a  gas, 
lor  cohesion  ia  the  only  point  of  difference  between  tliese  two  states.  A  liquid  iu 
evaporating  and  overcomioKthe  (orceot  cohesionabsorbs  heat.  Therefore, the  absolate 
bcriling  point  was  deSned  by  me  (1801)  aa  thai  temperature  at  which  (o)  a  liquid  cannot 

»  exist  as  a  tiqaid,  but  forms  a  gas  which  cannot  pass  into  a  liquid  state  under  any 
pressure  whatever ;  (6)  cohesion^O;  and  (c)  the  latent  heat  of  evaporation^O. 
These  ideas  were  but  Utile  spread  until  Andrews  (1860)  explained  the  matter  from 
■nether  aspect.  Starting  from  gases,  he  discovered  that  carbouic  anhydride  can- 
not be  liquefied  by  any  degree  of  compression  at  temperatnrea  abore  SI^,  whilst  at 
lower  temperatures  it  can  be  liquefied.  He  called  this  temperature  the  Brilical  tern- 
peralute.  It  is  evident  that  it  is  tlie  same  as  the  absolute  boiling  point.  We  shall  after- 
wards designate  it  by  Ic.  At  low  temperatures  a  gas  which  ia  Bnbjeeled  to  a  presaure 
gtealei  than  ita  maiimam  tension  (Note  3T|  is  oompletely  transformed  into  a  liquid, 
which,  in  evaporating,  gives  a  saturated  vapoor  which  possesses  this  maximum  tension  ; 
whilst  at  temperatures  above /^  the  pressure  towhieh  the  gan  ia  aubjectedmay  increase 
indefinitely.  However,  under  these  conditions  the  volume  of  the  gas  does  not  change 
indefinitely  hut  approaches  a  definite  limit  (ice  Note  Ml— that  is.  it  resembles  in  thia 
respect  a  liqaid  or  a  solid  which  is  allured  but  httle  in  volume  by  pressure.  The 
volume  which  a  hqntd  or  gas  occupies  at  tc  is  termed  the  critiral  volume,  which  corre- 
sponds with  the  critical  premiTf.  which  we  will  designate  by  pc  and  express  in  atmo- 
apheres.  It  is  evident  from  what  has  been  said  that  the  diaorepanciea  from  Mariotte 
and  Boyle's  law,  the  absolute  boiling  point,  the  density  in  liqaid  and  compressed 
gaseous  states,  and  the  properties  ol  liquids,  moat  all  be  intimately  oonneoted  l( 
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great   pressures.^*'     This  conclusion    was   verified   (1879)  by   the   ex- 
periments of     Pictet   and   Cailletet.^*      They   compressed   gases  at  a 

^  This  conclasion  wa«  arrived  at  by  me  in  1870  (Ann.  PhyB.  Chem.  141,  628). 

^^  Pictet,  in  his  researches,  effected  the  direct  liquefaction  of  many  gases  which  up  to 
that  time  had  not  been  liquefied.  He  employed  the  apparatus  used  for  the  manufacture 
of  ice  on  a  large  scale,  employing  the  vaporisation  of  liquid  sulphurous  anhydride 
which  may  be  liquefied  by  pressure  alone.  This  anhydride  is  a  gas  which  is  transformed 
into  a  liquid  at  the  ordinary  temperature  under  a  pressure  of  several  atmospheres  [see 
Note  27),  and  boils  at  — 10°  at  the  ordinary  atmospheric  pressure.  This  liquid,  like  all 
others,  boils  at  a  lower  temperature  under  a  diminished  pressure,  and  by  continually 
pumping  out  the  gas  which  comes  off  by  means  of  a  powerful  air-pump  its  boiling  point 
falls  as  low  as  — 16°.  Consequently,  if  we  on  the  one  hand  force  liquid  sulphurous 
anhydride  into  a  vessel,  and  on  the  other  hand  pump  out  the  gas  from  the  same  vessel 
by  ix)werf  ul  air-pumps,  then  the  liquefied  gas  will  boil  in  the  vessel,  and  cause  the  tempera- 
ture in  it  to  fall  to  —76^.  If  a  second  vessel  is  placed  inside  this  vessel,  then  another 
gat  may  be  easily  liquefied  in  it  at  the  low  temperature  produced  by  the  boiling  liquid 
iiul])huroUB  anhydride.  Pictet  in  this  manner  easily  liquefied  carbonic  anhydride,  CO2 
(at  —rtO"  under  a  pressure  of  from  four  to  six  atmospheres).  This  gas  is  more  refractory 
to  li(iuefaotion  than  sulphurous  anhydride,  but  for  this  reason  it  gives  on  evaporating  a 
utill  lower  temperature  than  can  be  attained  by  the  evaporation  of  sulphurous  anhydride. 
A  teniiierature  of  —80°  may  be  obtained  by  the  evaporation  of  liquid  carbonic  anhydride  at 
A  pr<«iii(ure  of  700  mm.,  and  in  an  atmosphere  rarefied  by  a  powerful  pump  tlie  temperature 
falln  to  -  140*^.  By  employing  such  low  temperatures,  it  was  possible,  with  the  aid  of 
presMUre,  to  liquefy  the  majority  of  the  other  gases.  It  is  evident  that  special  pumps 
which  are  capable  of  rarefying  gases  are  necessary  to  reduce  the  pressure  in  the 
cilininberH  in  which  the  sulphurous  and  carbonic  anhydride  boil ;  and  that,  in  order  to 
nt'CondeuHe  the  resultant  gases  into  liquids,  special  force  pumps  are  required  for  pumping 
i\w  liquid  anhydrides  into  the  refrigerating  chamber.  Thus,  in  Pictet's  apparatus 
(Hg.  24),  the  carbonic  anhydride  was  liquefied  by  the  aid  of  the  pumps  E  F,  which  com- 


Fio.  24.— General  arrangement  of  the  apparatus  employed  by  Pictet  for  liquefying  gase;?. 
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perature,  does  not  pass  into  a  liquid  state  under  a.  very  consider- 
able preBsure,''  but  is  compressed  into  a  lesser  volume  than  wouUl 

not  eotirBly  comii:!,  uiil  tlut 
>  gu  B,t  dilTereat  preaeureH,  ImvH  not  qaite  Uia 
nuiii:  coefficients  ut  eipusiuu.  Tliua  the  eipanHJon  of  ntr  between  0°  and  IMI'  is  0-307 
uuder  tlie  ordinary  presanre  of  one  atmcHphere.  and  at  thice  atmospheiva  it  ia  0*371,  tlio 
eipantuun  of  lijdrogen  ii  O-aeu,  and  of  nrbonic  anhydride  0-37.  R^anlt.  huwerer,  did 
not  diiactlj  determine  the  ehnnge  of  volume  between  Ihs  0°  mjd  100',  but  roeasared  the 
variation  of  tension  with  tbe  change  of  temperature  ;  bnt  as  Kama  do  not  entirely  follow 
Mviotte'a  lav,  therefore  the  chanj^e  of  volniue  couuut  be  directly  jnd)[ed  by  the  vaiiiliaa 
of  tenHion.  The  inieilii^tions  carried  on  by  myaelt  and  KiLyander.  aboat  1670,  iihuwed 
the  direct  Tiriation  of  volome  on  besting  from  0'  to  100°.  These  inTesligationa  conflraiod 
Regnault'R  codcIuhioii  tint  Gay-Lnssaa's  law  is  not  entirely  correct,  und  further  ahowed 
<1}  that  iheeipanaion  pervolnmetrDm  0°  to  lUO' uuder  a  preunre  of  one  atmosphent, 
for  air  -  D-MB,  for  hydrogen  =  O-OflT,  for  carbonic  anhydride  -  OSIS,  tor  hydrogen  bromide 
-O'HMI,  ifc;  (3)  that  tor  Kiutea  which  ore  more  coiupreaaible  than  should  follow 
from  Hariatte'i  law  the  eipanaion  by  heat  increaaea  with  the  preiiBiire — for  eumplu, 
(or  air  at  a  preaaure  of  three  anil  a  half  atmoipheres,  it  equals  U'371,  for  carlxinic 
anhydride  at  one  atmoaphere  it  eqnali  0'373,  at  three  atiuoaphere*  O-HSO,  and  at  eight 
atmo^heteH  0'413 ;  (8)  that  tor  gates  which  are  leas  compresaible  than  flhonid  follow 
from  Hariotte'g  lav,  the  eipaowoD  by  hent  decreaaea  witli  lUi  increase  of  preaaure— 
for  example,  for  hydrogen  at  one  attnoaphere  U'U37.  at  eight  atmospherea  0*SSO,  for  air  at 
a  quarter  atmoaphere  U'870,  at  one  aCmoaphere  O'SCB;  and  hydiocen  hke  ui>  (and  all 
I  |a«e«)  ia  lencompreiaeil  af  lo«/ firi<wam  than  sbould  follow  from  Mariotte's  law  fair 
'  at  higher  preiaarea  than  the  atmonpheric  preauore  givea  a  contrary  reanltl,  as  inveatiga- 
'  tkma  nude  by  myself,  aided  by  Kirjiinhefl  and  Hemiliuo,  showed.  Benre,  hydrogen, 
■tarling  from  tern  to  the  higheat  prvasures,  exhibits  a  gradually,  although  only  elightly, 
varying  coetOcient  of  eipansinn,  whilst  tor  air  imd  other  gases  at  the  almoipherie  and 
higher  preerarea,  the  coefficient  of  eipanaion  increaaea  with  the  increase  of  presaore.  «o 
long  a»  their  compreeaibihty  ie  ijrenter  than  should  follow  from  Hatiotte's  law.  But 
when  at  couaiderable  presaurea,  this  kind  of  diacrepatioy  paaaes  into  the  normal  taee  Note 
U),  then  the  coefficient  of  ei{ian«iuii  of  oil  gaaea  decreaaea  with  an  increase  of  presMOre. 
n  from  tbe  researches  of  Aniagat.  Tbe  diflerence  Iwtween  the  two  coefficients 
a  constant  presaure  and  tor  a  constant  voliune,  ia  expkined  by  tbeati 

'  Tolume  varying  nt  constant  prBHUre)  =0*00808  (according  to  Mende- 
iB  and  Kayander)  and  tlie  raristion  of  tenaion   <at  a  coDStant  volume,  according  to 
>nlt}  -0-00867. 

With  ariae  of  temperature,  all  gases  and  vapours  became  permsnent  guea.    Aa  we  shall 
rwarda  learn,  carbonic  anhydride  becomes  a  pemunent  gne  at  temperatures  above 
A  at  lower  temperatures   It  liae  a  maiiinum  tenaion.  and  may  be  liquefied  by 
re  alone. 

Th4  Ugue/aetion  of  gaaes.  accDm|ili«hed  by  Faraday  {sen  Ammonia)  and  othen,  iu 
lb*  first  halt  of  this  century,  ahowed  that  a  number  of  substances  arecapable.like  water, 
(dlakiuga]]  three  phyaioai  states,  and  that  there  ie  no  essential  diflerence  between 
Tapoors  and  gaaea.  the  only  diatinotion  being  that  the  boiling  points  (or  the  temperature 
pat  which  tbe  tenaion  v?^)  mm.lof  liquids  lie  above  the  ordinary  teui|>erature,  and  thps« 
>d  gaaea  below,  and  consequently  a  gaa  is  a  snperheated  vapour,  or  vapour 
•ated  above  the  boiling  point,  or  removed  from  saturation,  rarefied,  having  a  lower 
it  maiimum  which  is  proper  to  a  given  temperature  and  substance.  We 
.  we  did  for  water  (p.  S4),  the  ma^mum  tenaiont  of  certain  Uquids  and 
M  irinprmiturri,  becauae  they  may  be  token  advanti^e  of  for  obtaining 
OUstant  temperaturea  by  changing  the  preaaure  at  which  boiling  or  the  formation  of 
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fcf!.  h^dn^n  in  expanding  forms  a  fog,  thus  indicating  its  passage  into 
liijutd  stAt«.  But  as  ;et  it  has  b«eii  impossible  to  pi«aerve  this 
Ikjaid,  even  for  g.  short  tiuie,  to  determine  its  properties,  notwithstanding 
tbe  euiptoymcnt  of  a  temjieriiture  of  —  200°  and  a  pressure  of  300  atmo- 
^h«rea,'"  although  by  these  meuiis  the  gases  of  the  atmosphere  may  be 
kept  in  a  liquid  state  for  a  long  time.  This  is  naturally  dependent 
on  the  fact  that  the  absolute  boiling  point  of  hydrogen  lies  lower  than 
that  of  all  other  known  gases,  which  ia  related  to  tlie  extreme  lightness 
of  hydrogen.*' 

imrntion  or  clood-like  dioiis,  like  a.  fug,  wUicti  rendered  tlie  g»  upaqne. 
Thos  Ckilletet  proved  the  pmsibllity  of  tbe  liqnefjictioii  nt  guun,  lint  he  did  not  i»I«,tfl 
the  liquids.  The  method  ot  Cailletut  allons  the  paHsoge  of 
gHWB  iuto  liquiila  Iwing  obaerred  with  greater  twiljty  and 
aimplicity  thwi  Pictet'a  method,  which  reqoites  a  very 
complimted  aixS  expeusire  appantiiR, 

The  metboclii  of  Pictet  &nd  Cailletet  were  kfterwordii 
improved  by  OlBiewiiki,  Wrohlewiiki.  Dew*r,  uid  otfaen. 
In  nrdei  to  obtain  »  still  lower  temperature  they  employed 
hquid  etbylene  or  nitrogen  itietesd  of  carbonic  acid  gKB, 
whoBfl  emponiUon  at  low  presaures  prodofea  K  muoh  lower 
temperatnre  (to  -BOO").  They  hIbo  improvBd  on  the 
tm-thuda  ot  detannining  sncli  low  tempemtnrea,  bat  the 
iiwtbuda  were  not  easentially  altered ;  tliey  obluiued  nitro- 
grn  lud  oiygen  in  a  liquid,  and  nitrogen  even  in  a  aolid, 
state,  but  no  one  haa  yet  succeeded  in  teeing  hydrogen  in 


ly  proved  that  Pictet  cimld  n 


WroblB« 


n  the  : 


apparnl 


[1  thkt  il 


i.r  llqueljini 


oould  only  hate  been 
a  the  tall  in  tempeiature  following  ita  end- 

'    cien  cipaniion.     Pictet  calcolatiJ  that  he  obtained  a  tem- 

jierstoiB  ot- 1*0°,  bat  in  reality  it  hardly  tell  below  -  lao". 
judging  from  the  latest  datA  [or  the  vaporiaation  of  car- 
bonic anhydride  under  low  presanre.  The  difference  liea 
in  the  method  ot  detorminmg  low  tempeiatureg.  Judging 
I       „    J  (rom  other  properties  ot  hydrogeu  (nee  Note  »i),  one  would 

*""*'  think  that  ita  absolute  boiling  [loint  lien  Inr  below  -180°, 

ven  -140=  (according  lo  the  calculation  of  Sanaa,  on 
isis  ot  ita  oompreiaibility,  at  - 174").  But  even  at-  800° 
(11  the  inelhoda  ot  determining  aach  low  temperaturea  be  correct)  hydrogon  does  not  give 
a  liquid  even  under  a  preBBure  ot  several  hundred  atuospbereii.  However,  on  expan- 
Bion  a  f.ig  is  formed  and  a  bqnid  state  attained,  but  the  liqnid  doea  not  separate. 

w  After  the  conception  ol  the  absolute  temperature  of  ebnllition  (Ic,  note  39)  liad 
been  worked  out  (about  1B70),  and  its  connection  with  the  deviations  from  Mariotte^s  law 
Iiad  become  evident,  and  eai«cially  after  the  liqnetaction  of  permanent  gases,  goneia) 
■tteDtion  was  tamed  to  (he  development  of  the  tandamental  conceptions  of  the  gaseous 
and  liquid  states  ot  matter.  Some  investigators  directed  their  energies  to  the  torther 
study  of  vapours  ((or  instance,  Raraaay  and  Young),  gsses  (for  instance,  Amogat),  and 
liquids  (for  instance,  Zaeneheitalty,  Nadesohdin,  and  others),  especially  to  liquids  near  Id 
and  pc :  others  (tor  instance,  KoDOvaloff  and  De  Haou)  endeavoured  to  discover  the  rela- 
tion between  liquids  under  ordinary  conditions  (removed  from  Ic  and  pt)  and  gaaea. 
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Although  a  subntance  which  passes   with   great  difficulty   into  a 
licjuld  state  by  the  action  of  physico-mechanical  ^rces,  hydrogen  loses 


while  ft  third  vlaw  or  iiivesClgutorB  (Vui  der  WhkIb,  ClauBiaa. 
alceftd;  genemJlf-acceptHd  i>rmciiil>:a  ot  thii  meelnuiical  ll 
thBorj  of  guana,  uid  hftving  nimle  the  uaU-Hvident  proposi 
isa  forces  vtWoh  cleurly  utt  in  licjuids.  dedueeil  tliB  com 
of  Due  and  the  other,  It  wuuld  be  out  of  plKce  iu  ui  el 
preaent  (o  enDUDiate  the  whula  maBB  of  coneluaioua  arrive 
ne«B»ary  to  give  nn  ides  of  the  reaulls  of  Van  der  WaalB'  ci 
the  gradaal  uninterraptfid  puBage  tram  a  liquid  ii 


jid  others),  starting  from  the 
ory  of  heat  and  the  kinetio 
OD  of  Uie  eiJBteuiiu  in  ga>e« 
clioubetweBu  the  propectie* 
nentary  handbook  like  the 
at  bj  iLih  method,  bat  it  in 
.uideratiouB,  for  the  j  explain 
in  the  simpleat 


I 


I 


toim,  and,  although  the  dedaction  cannot  be  couaidered  as  li 
note  26),  nevertheleBH  it  peaetiatea  ao  deeply  into  the  eaaeuce  of  the  matter  that  its 
ugnlfieAtioD  is  nob  only  reflected  in  a  great  nniuber  of  phjaical  iuTealigationB,  butalao  in 
the  province  ol  ehemiBtry,  ivhere  instancofl  of  tbe  paBooge  uf  Bubstani^H  fruia  a  gaaeoas 
to  a  licinid  atate  are  so  conuuou,  and  vthere  the  very  procesauH  of  diBBociatiuu,  deuompoai- 
tion,  and  combination  moat  be  identified  vitb  a  cbanga  of  physical  btute  of  the  partici- 
pMing  snbatftDces. 

Foe  a  given  quantitj)  (neight,  maBs)o/  a  definite  tulntianct,  its  atate  is  eipreaaed 
by  three  Tariablea— volume  v,  preaanre  (elasticily,  tension)  p,  and  temperatnre  1. 
Although  the  coinpnsBBibility — [i.e..  d(v)iilji)] — of  liquida  is  small,  slill  it  is  clearl;  ei- 
jn^Hned,  and  varies  not  only  witii  the  nature  of  liquidfl  but  also  with  their  preasom  and 
temperature  (at  tc  the  compresBibilily  ol  liquida  is  very  considerable).  Although  gases, 
according  to  Mariotte'a  law,  with  small  varifttiomi  of  preBstire,  ore  uoilortDly  compressed, 
nevertheleas  the  dependence  of  their  volume  u  on  (  and  p  ib  very  oomplei.  The  same 
applias  to  the  coefficient  of  eipausion  [t|J[i()(i((),  or  dip)il\fl],  which  also  variea  with 
t  and  ji,  both  for  gases  (les  Note  30),  and  for  hqnida  (at  to  it  iB  very  oousiderable,  and 
oFteu  eiceods  that  of  guses,  DDOSUT).  Hence  the  equation  of  itata  must  include  three 
Tftriablcs — V.  p,  and  t.  For  a  so-called  perfect  (ideal]  gas,  or  for  inconaiderable  variation 
ot  density,  the  elementary  expression  pv^Sa(t  +  all,  or  pv~S  (973  +  1)  ahould  be 
aecepted,  where  .B  is  a  constant  varying  with  the  mass  and  nature  of  ft  gas,  as  eipressing 
this  dependence,  because  it  iiictudea  in  itself  (helawa  of  Qay-Lusaac  andMariotte,  for  at 
a  oonstant  preaanre  the  volume  varies  proportionally  to  1  +  ol,  and  when  I  ii  constant 
tlia  product  of  to  ia  constant.     In  ita  simplest  form  ths  equation  luay  bo  etpreseed  thus ; 

pv-'BT; 
where  T  denotes  what  ia  termed  the  absolate  ter 
+  378— thM  is,  T  =  <  •  373. 

Starting  from  the  supposition  of  tbe  eiisteui 
{■Ipressed  by  a)  proportional  to  the  signare  of  tl 
Ihe  square  of  the  volnuie),  and  of  the  existence  o 
by  h)  of  gaseous  molecales,  Van  der  Waals  give 
•qQMion  of  Bl 


tnre,  or  the  ordinftry  temperatore 
isity  (or  inversely  proportional  to 


il  at  0°  under  a 


p  =  l(forin 


(e-6)-i- 


D00B67i  ; 


<  atmoapheric  pressare),  the  volume 
(for  instance,  a  litre)  of  a  gas  or  vapour  be  taken  as  l.and  therefore  caud  b  be  expressed 
by  Ihe  same  units  tap  and  a.  The  deviatioiii  from  Ijoth  the  laws  of  Mariotte  and  Gay- 
Lussac  are  expresaed  by  the  above  equation,  thus,  tor  hydrogen  a  muat  be  taken  as 
infinitely  small,  and  ii^D'WKW,  judging  by  the  data  for  1000  and  3£00  metres  preasun 
(Note  as).  For  other  permanent  gases,  for  which  (Note  a»)  I  showed  (about  1870)  from 
Begnanlt's  and  Notteter's  datu,  r  decrement  of  jib,  followed  by  an  inurement,  which  wfts 
eonflnned  (about  1880)  b;    '      "    "  ... 


^phcabte  f{ 


1  doflnit 


iiitudes  of  a  and  b  (although  Van  der  Wutla'  formula  is  not 


Ji  also  eipreis  the  diSen 


antem|iorftry  require- 
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1 


its  gaseous  stnte  (tliat  is,  its  elasticity,  or  tlie  physical  energy  of  its 
molecules,  or  their  rapid  progressive  movemeut)  with  comparative  ense 


I  utiui 


methoda  ot  detocminalinn  (Note  W).    Besides  tliis,  Tao  dcr  Wui 
t  lenkperatiires  nbove  27* (^,,  —  l)    ""ly  onf  aetmJ  volume  (ganeooa)  is  possibla, 
three  difTerHTit  volamei— liquid, 
-nre  possible.    It  is  evident  that 
iibovp  lampBMture  11  the  •bsoluta  boiling  poirt— that  ia,(fr)  =  373  l^,-^)-     ^'  " 
d  under  tbe  cxmdition  that  all  three  possible  volumes  |the  three  root*  nF  Vnn  dei 


Va76 

t  at  lower  tamperatores.  by  vory'ng  the  r 
us.  snd  pitrtly  liquid  [isjtly  snturated-vi 


AVants'  cubic  equation)  are  then  si 

[pc]  "Jjjt-     These  catios  between  the  i 


[ial{M  =  3ii).    The  pressure 


dbsJid  tl 


conditi 


in  this 
of  critical 

ilale — iji.  (ie)  and  [pe) — give  the  possibility  of  delenoiiiing  the  one  magnitude  from  the 
other.  Thus  tor  ether  (Note  Ml,  (re)-  1»8°,  (tp)  =  *0.  from  wbenue  a-(rt807,  6  =  O'0O688. 
From  wheDoe(uc)''0'0]B.  Thtt  mass  ot  vthei  wtiich  nt  a  jiresanre  of  one  utmonphere  at 
0°  occupies  one  volame— for  instance,*  litre— <i<!(jni)iBB,actordiiig  to  the  above-mentioned 
donctition,  this  critical  vdume.  And  as  the  density  of  tlie  vnttiiur  o[  ether  compared  with 
hydrogen  —  37,  and  a  litre  of  hydrogen  at  0°  and  ondor  tlie  atmoapheric  pressure  weighs 
D'OSBH  grains,  then  ■  litre  ot  ether  vapour  weighs  383  grams;  therefore,  in  a  critical 
state  (at  1»8°  and  10  atrnDBpheres),  3-33  grams  ooenpj  OOie  litres,  or  le  e.c. ;  theretoro  1 
gram  Occupies  a  volume  of  about  l>  c.c.,  and  the  weight  ol  1  c.c.  of  ether  will  then  be  0-51. 
According  to  the  investigatioDa  of  Bnmsay  and  Toung  (lSt<T),  the  critical  volume  of  ether 
was  apjiroximately  auch  at  abont  the  absolute  boiling  point,  hot  the  compreasibihty  of 
the  iiijuid  is  ho  great  tliut  the  slightest  change  of  pressnie  or  temperatare  acta  consider- 
ably ou  the  volume.  Bat  the  investigations  of  the  above  savants  gave  another  indiraot 
deinonatration  of  the  tme  composition  of  Van  der  Waala'  ecioation.  They  also  found  fot 
ether  thnt  the  iaochords,  or  the  lines  ot  equal  voloniua,  ore  generally  irtniight  lines  if  the 
temperaturea  and  pressures  vary.  For  instance,  the  volume  of  10  c.c.  for  1  grani  of  ether 
oorrespoudii  with  preKsorea  (eipreased  in  niBtrea  of  mercury)  equol  to  0185(~8-8  (for 
inatance,  at  1H0°  and  21  metrea  preHKure,  at  a»0°  and  Sfa  metrea  preaaurel.  The  recti- 
linear form  of  the  isDchnrci  (then  >icn  constant  quantity)  is  n  direct  reault  of  Van  der 
Woals'  formula. 

When,  in  1H8H,  I  demonstrated  that  the  epocilir  gravity  ot  liquids  decreases  in  propor- 
tion to  the  rise  of  temperature  [Si^B,,~Kf  or  S,=S„  (1-Kf|],  or  that  the  volumes 
intireaaein  inverse  proportion  to  the  binomial  1-K(.  that  is,  V(  =  V„  (1-K()-',  where  K 
is  the  modulus  of  expannion.  which  varies  with  the  nature  of  the  liquid  (an  etactitude  uf 
the  same  kind  as  that  by  which  for  gases  the  Tolnmei  increase  proportiomiCely  to  the 
binomial  l  +  a<),  then,  in  general,  not  only  does  a,  connection  arise  between  gases  and 
liquids  with  respect  to  a  change  of  volume,  bnt  also  it  wonld  appear  possible,  by  availing 
oneself  of  Van  der  Waals'  formula,  to  judge,  from  the  phenomena  of  the  expansion  of 
liquids,  as  to  their  transition  into  vapour,  and  to  connect  together  all  the  principal  pro- 
perties ol  liquids,  which  up  to  this  time  had  not  been  considered  to  be  in  direct  dependence. 
Thus  Thorpe  and  BUcker  found  that  a((cl-Ffl7S^l.K,  where  X  is  the  modulus  ol  exiNUi- 
sion  in  the  above-mentioned  formula.  For  eiample,  the  eipanaion  of  ether  is  eiptessed 
with  anflicient  accuracy  from  0°  to  100°  by  the  equation  81^0-788  (1— 0'lKilM().  or  V( 
=>I  (I~0iK)lS4r),  where  0'00154  is  the  modalusol  expansion,  and  therefore  (lc)-18e°,  or 
by  direct  abservation  193°.  For  silicon  tetrachloride,  SiClt.  the  modulus  equals  01)0130, 
from  whence  (lc)'<aSl°,  and  by  experiment  330°.  On  the  other  hand.  D.  P.  Kotiovotoff, 
admitting  that  the  external  pressure  p  in  liquids  is  insigniAcai^t  when  compared  with  the 
internal  (n  in  Von  der  Woals'  tormala),  and  that  Hie  work  in  the  expansion  ol  liquids  is 
proportional  to  their  temperature  (as  in  gasesl,  directly  deduced,  from  Von  der  Waals' 
formula,  the  above-mentioned  formula  for  the  expansion  of  liquids,  Vi^l.' (1-KO,  and 
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under  the  influence  of  cliemical  attraction,^'*  which  is  not  only  shown 
from  the  fact  that  liydrogen  and  oxygen  (two  permanent  gases)  fomi 
tic(uid  water,  but  also  from  many  phenomena  of  the  absorption  of 
hydTOgen. 

Hydrogen  is  vigorously  condensed  hy  certain  solids  ;  for  example, 
by  charcoal  and  by  spongy  platinum.  If  apiece  of  freshly -ignited  char- 
coal be  introduced  into  a  cylinder  fuil  of  hydrogen  standing  in  a 
mercury  bath,  then  the  charcoal  abEorbs  as  much  as  twice  its  volume 
of  hydrogen  Spongy  platinum  condenses  still  more  hydrogen.  But 
palladium,  a  grey  nictjil  which  occurs  with  platiuuui,  absorbs  more 
hydrogen  than  any  other  metal.  Graham  showed  that  when  heated  to 
a  red  heat  and  cooled  in  an  atmosphere  of  hydrogen,  palladium  retains 
t*  much  as  600  voluniea  of  hydrogen.  When  unte  abaorl)ed  it  retains 
the  hydrogon  at  the  ordinary  temperature,  and  only  parts  with  it  when 
'  hefited  to  a  red  heat.^'"  This  capacity  of  cei'tain  dense  metals  for  the 
1  absorption  of  hydrogen  explains  the  property  of  hydrogen  of  passing 
through   metallic   tubes."'      It  is   termed   ucelunion,  and   presents   a 

I  k1k>  the  magnitude  ot  the  latent  hent  of  evnpomtion,  cohosioD,  luid  oompresaibilitj  iiuiier 
re.  In  thin  nay  Van  derWanla'  formnlii  embrsces  the  gaseoas,  critiool,  and  liquid 
I  itatet  oF  snbHtuices,  and  sIiowb  tlie  connection  betveen  them.  On  this  uwiant,  althoagh 
I  Van  dor  WhuIb'  formalft  cannot  be  considered  as  perf™ilj  genenl  and  aeourate,  yet  It  i« 
,  noConly  very  moch  more  exact  than  fic  =  AT  but  is  uieo  more  camprehlnaiTe,  becniiM 
lies  to  both  Kaaeit  and  liquids.  Further  research  will  natDmll;  give  (nrther  pron- 
to Irath,  and  will  show  tlie  connection  between  compnuition  and  the  eonatantB 
I    (<t  and   b);  but   a   gteni   u^ieixtiflc  progresH  ib  seen   in   this  form   of  the   eqaation   ot 


Sarran  applied  thia  formula  to  Amagat'a  dala  for  liydroKcn.  and  looad  n  — OOGSl, 

C-  -CrOOOtS,  b  ^  0-UOOSU,  and  therefore  calculated  iCa  abaolate  boiling  point  as  —171°.  and 

1  (p')'M  atmoaphereB,    But  *e  similar  oalcnlationa  tor  oxygen  I,~1DG'^),  nitrogen  (  —  191'^, 

■nd  marghKoB  (-TG°)  gave  Ic  higher  than  it  really  ia,  therefore  the  absolute  boiling  point 

of  hydrogen  moHt  lie  below  — 171  . 

'"  This  and  a  number  of  similar  cosea  clearly  Bbow   how  great  ore   the   internal 
ehsmical  forces  compared  with  phyaicol  and  mechanical  foms. 

**  The  capacity  of  palladium  to  absorb  hydrogen,  aud  ill  no  doing  to  increase  in 

▼blunis,  may  be  eanily  demonstrated  by  taking  a  sheet  dF  palladium  vamished  on  one 

dde,  aad  using  it  as  a  cathode.    The  hydrogen  which  is  evolved  by  the  ootion  of  the 

etmant  U  tetaint^l  by  the  uuvamislud  sarface,  as  a  consequence  ot  whicli  the  aheet  curls 

Up.    By  attaching  s  pointer  (For  instance,  n  quill)  to  the  end  of  the  oheet  tbia  bending 

L  sBect  ia  rendered  strihiugly  evident,  and  on  reversing  the  eorrent  (when  oxygen  will  be 

kvToWad  and  combine  with  the  absorbed  hydrogen,  forming  water)  it  uuty  bt>  *hown  that 

«■  bning  the  hydrogen  the  palladium  regains  Us  original  form. 

^  Deville  discovered  that  iron  and  platinum  become  perriooa  to  hydrogen  at  ■  red 

leapeaksof  Ihiainlhe  foliowing  terms ;—' The  iienueability  of  such  homogeneous 

EsnbttiuiceB  as  platinum  and  iron  is  quite  different  from  the  passage  ot  gnws  thmugh 

h  non-compact  snbBtances  as  cloy  and  graphite.    The  permeability  of  metals  depends 
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similar  phenomenon  to  solution  ;  it  is  based  on  the  capacity  of  metals 
of  forming  unstable  easily  dissociating  compounds^^  with  hydrogen 
similar  to  those  which  salts  form  with  water. 

At  the  ordinary  temperature  hydrogen  very  feebly  and  rarely  enters 
into  chemical  reaction.     The  capacity  of  gaseous  hydrogen  for  reaction 
becomes  evident  only  under  a  change  of  circumstances — by  compression, 
heating,  or  the  action  of  light,  or  at  the  moment  of  its  evolution.    How- 
ever, under  these  circumstances  it  combines  directly  with  only  a  very 
few  of  the  elements.    Hydrogen  combines  directly  with  oxygen,  sulphur, 
carbon,  potassium,  and  certain  other  elements,  but  it  does  not  combine 
directly  with  either  the  majority  of  the  metals  or  with  nitrogen,  phos- 
phorus, &c.     Compounds  of  hydrogen  with  certain  elements  on  which 
it  does  not  act  directly  are,  however,  known  ;  they  are  not  obtained  by 
a  direct  method,  but  by  reactions  of  decomposition,  or  of  double  decom- 
position, of  other  hydrogen  compounds.     The  property  of  hj'drogen  of 
combining  with  oxygen  at  a  red  heat  determines  its  combustibility. 
We  have  already  seen  that  hydrogen  easily  takes  fire,  and  that  it  then 

on  their  expansion,  brought  about  by  heat,  and  proves  that  metals  and  alloys  have  a 
certain  porosity.'     However,  Graham  proved  that  it  is  only  hydrogen  which  is  capable  of 
passing  through  the  above-named  metals  in  this  manner.     Oxygen,  nitrogen,  ammonia, 
and  many  other  gases,  only  permeate  through  in  extremely  minute  quantities.     Graham 
showed  that  at  a  red  heat  abont  500  c.c.  of  hydrogen  pass  per  minute  through  a  surface 
of  one  square  metre  of  platinum  1*1  mm.  thick,  but  that  with  other  gases  the  amount 
transmitted  is  hardly  perceptible.     Indiarubber  has  the  same  capacity  for  allowing  the 
transference  of  hydrogen  through  its  substance  (see  Chap.  III.),  but  at  the  ordinary  tem- 
perature one  square  metre,  0*014   mm.  thick,  transmits  only  127  c.c.  of  hydrogen   per 
minute.     In  the  experiment  on  the  decomposition  of  water  by  heat  in  porous  tubes,  the 
clay  tube  may  be  exchanged  for  a  platinum  one  with  advantage.     Graham  showed  that 
by  placing  a  platinum  tube  containing  hydrogen  under  these  conditions,  and  surrounding 
it  by  a  tube  containing  air,  the  transference  of  the  hydrogen  may  be  observed  by  the 
decrease  of  pressure  in  the  platinum  tube.     In  one  hour  almost  all  the  hydrogen  (97  p.c.) 
had  passed  from  the  tube,  without  being  replaced  by  air.     It  is  e\ndent  that  the  occlusion 
and  passage  of  hydrogen  through  metals  capable  of  occluding  it  are  not  only  intimately 
connected  together,  but  are  dependent  on  the  capacity  of  metals  to  form  compounds  of 
various  degrees  of  stability  with  hydrogen — like  salts  with  water. 

58  Palladium,  as  it  appeared  on  further  investigation,  gives  a  definite  comiK)und, 
Pd-jH  (see  further)  with  hydrogen ;  but  what  was  most  instructive  was  the  investigation 
of  sodium  hydride,  Na^H,  which  clearly  showed  that  the  origin  and  properties  of  such 
compounds  are  in  entire  accordance  with  the  conceptions  of  dissociation.  In  tlie  chapter 
devoted  to  sodium  we  shall  therefore  speak  more  fully  of  this  substance. 

Being  a  gas  which  is  difficult  to  condense,  hydrogen  is  little  soluble  in  water  and 
other  liquids.  At  0°  a  hundred  volumes  of  water  dissolve  1'9  volumes  of  hydrogen,  and 
cdcohol  G*9  volumes  measured  at  0°  and  760  mm.  Molten  iron  absorbs  hydrogen,  but  in 
solidifying,  it  expek  it.  Tlie  solution  of  hydrogen  by  metals  is  to  a  certain  degree 
based  on  its  affinity  for  metals,  and  must  be  likened  to  the  solution  of  metals  in  mercury 
and  to  the  formation  of  alloys.  In  its  chemical  properties  hydrogen,  as  we  sliall  see 
later,  has  much  of  a  metallic  character.  Pictet  (see  Note  31)  even  affirms  that  liquid 
hydrogen  has  metallic  properties.  The  metallic  properties  of  hydrogen  are  also  evinced 
in  the  fact  that  it  is  a  good  conductor  of  heat,  which  is  not  the  case  with  other  gases 
(Magnus). 
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Iburos  withapale — timt  is,  noa-Iuniinous— flame.^'  Hydrogen  does  not 
combine  with  tlie  tisygen  of  the  atnuisphere  at  the  ordinary  tempe- 
tsture  ;  but  this  combination  takes  plaice  at  a  red  heat,*''  and  is  accom- 
pKnied  by  the  evolution  of  much  heat.  The  product  of  this  combination 
b  water — that  is,  a  couipouml  of  oxygen  and  hydrogen.  This  is  the 
tynthritU  of  umter,  and  we  have  already  noticed  its  analysis  or  decom- 
position into  its  component  parts.  The  synthesis  of  water  may  be  very 
easily  observed  if  a  cold  sflass  bell  jar  be  placed  over  a  burning  hydrogen 
flame,  and,  better  still,  if  the  hydrogen  flame  be  lighted  in  the  tobe  of 

»8k  condenser.  The  water  will  condense  in  drops  as  it  is  formed  on  the 
■walls  of  the  condenser  am!  trickle  down." 
Light  does  not  aid  the  combination  of  hydrogen  and  oxygen,  so 
that  a  mixture  of  these  two  gases  does  not  change  when  exposed  to  the 
action  of  light ;  but  an  electric  spark  acts  Just  like  a  flame,  and  this  is 
taken  advantage  of  for  inflaming  a  mixture  of  oxygen  and  hydi-ogen,  or 
detonating  gaa,  inside  a  vessel,  as  will  be  explained  in  the  following 
chapters.  A.s  hydrogen  (and  oxygen  also)  is  condensed  by  spongy 
platinum,  by  which  a  rise  of  temperature  ensues,  and  as  platinum  acts 
hy  contact  (p.  38),  therefore  hydrogen  also  combines  with  o.vygen, 
under  the  influence  of  platinum,  as  Diibereiner  showed.  If  spongy 
platinum  be  thrown  into  a  mixture  of  hydrogen  and  oxygen,  an  explo- 
i  takes  place.  If  a  mixture  of  the  gases  tie  passed  over  spongy 
[platinum,  combination  also  ensues, and  the  platinum  becomes  red-hot'.'' 

it  be  dvcired  to  obtain  h  perfoetly  colotulesH  liydrogen  flame,  it  innHt  inane  from 
|.*  plattnom  noule.  na  the  glssii  enci  of  a  gM-cotidnctiDg  tulw  impnrtii  a  yellow  tint  to  the 
u,  owing  to  the  prewDoe  of  sodinin  in  tbe  glau. 

*°  Let  an  inu^tie  Ih&t  &  Htreoju  of  hydragen  puses  &long  n  tube,  a.D<]  let  na  ment&lly 

ide  thta  atreiun  into  aevera]  parta,  ooavecntiTely  paaain^  out  from  tHe  orifice  of  the 

The  Snt  part  ia  lighted — thnl  ia.  brought  to  iv  state  at  tncuideitcence,  iu  which 

it  oombinea  with  the  aiygen  of  the  atmoflphere,     A  nrnaidentble  amonnt  af  hekt  i* 

'ed  in  the  combination.     The  beat  evolved  then,  ho  to  aay.  ignites  the  second  part  of 

B>^T^TOg«t>  eoming  from  the  tnbe,  and,  therefore,  when  onoe  i^ited,  the  hydrogen  oon- 

VUnitiM  to  bam,  it  thm  be  a  continnal  enpply  of  it,  and  if  the  atmoxphere  in  which  it 

^lionu  be  Dnlimiteil  and  coiilaini  oiygen. 

i>  The  cambDBtlbitityot  hydrogen  may  be  shown  by  the  direct  decomposition  of  water 
tj  sodium.  IF  a  pellet  of  i«>diam  be  thrown  into  i  cnp  containing  wal«r.  tbeti  it  floats 
nthAwaterandevolveshydrogen.whichmaybelighled.  Thepresonceof sodiumimput* 
h  yellow  tint  to  the  Hame.  If  potassinm  be  taken,  the  bydmgen  buiata  into  flame  of 
'AhU,  bectnae  sufScient  heat  is  evolved  in  the  reaction  for  the  ignition  and  inflammation 
it  the  hf  drDKen.  The  flame  ia  rendered  violet  by  the  potaaiiiwti.  If  sodinm  be  thmwo 
MM  W  water,  bat  on  an  acid,  it  will  afolve  more  heat,  and  the  hydrogen  will  then  also 

towarda  the  end  a  mawi  of  sodinm  oxide  (Note  S]  is  pradni>ed,  and  flies  aboat ;  therefore 
il  ia  beat  to  cover  the  vessel  in  which  the  experiment  is  carried  on. 

^  litis  property  of  fipongy  platinum  is  made  use  of  in  the  fto.called  hydrogen  cigar. 
*  ^ht.  It  conuals  of  a  glass  cylinder  or  Iwaker,  inside  which  there  is  a  small  lead  lUnd 
k  (irineh  is  not  acted  on  by  anlphuric  acidl,  on  wliich  a  piece  of  linc  is  laid.  This  line  is 
Ev«DraKtl  by  a  bell,  which  is  open  at  the  bottom  and  famished  with  a  cock  at  the  top. 
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Although  gaseous  liydrogpn  does  not  act  directly''  on  many  sub- 
stances, yet  in  a  naxr'.nt  Hale  reaction  often  takes  place.  Thus,  for 
iuBtanee,  water  on  which  sodium  amalgam  is  acting  contains  hydrogen 
in  a  nascent  state.  The  hydrogen  is  here  evolved  from  a  liquid,  and  at 
the  first  moment  of  its  formation  it  must  be  in  a  condensed  form,** 

Sul|>lturic  ftcid  U  poaral  into  tbe  apiuie  between  the  bell  nod  tlie  aides  ol  the  outer  glaai 
criindei,  and  vill  tfaaa  compreas  the  gM  ill  the  bell,  ir  tlie  cock  of  the  aylinder  be 
fipened  the  pu  will  eaupe  by  it,  and  will  be  replitced  b,T  the  acid,  which,  coming  into 
contact  Willi  the  lino,  evolve*  hydrogen,  and  it  will  eneape  (brongb  tbe  cock,  li  the 
oook  be  closBcl,  then  the  hydrogen  evolved  »ill  inoreiwe  tbe  presHore  of  the  gae  in  tbe 
liell,  and  Ihiu  agun  fotce  the  iwid  into  the  i\m^B  between  tbe  bell  and  tbe  walla  of  the 
outer  cylinder.  Thus  the  action  of  the  iwid  on  the  zinc  may  be  atopped  or  xtiu-ted  at 
will  bj  opening  or  abutting  the  cock,  and  oonioquently  a  stream  of  byilrogen  may  be 
always  turned  on.  Kow,  if  a  piece  of  apongy  platinain  be  placed  in  this  stream,  the 
hydrogen  will  take  light,  becaaae  the  apongy  platinum  becomei  hot  in  condenaing  the 
hydrogen  and  inflames  it.  The  oonaiderable  rise  in  temperature  of  the  pletinum  depends. 
among  other  tbiuga,  on  the  fact  Ibat  tlia  hydrogen  condensed  in  its  pores  comee  into 
dontaot  with  previously  abHiibed  on  i  condensed  atmoapberic  oiygen.  with  which  hydrogen 
combines  with  great  facility  in  this  fom.  In  this  manner  tbe  hydrogen  cigar-light  gives 
a  stream  of  burning  hydrogen  when  the  oock  is  open.  In  order  tbal  it  aboiild  work 
Tegubtrly  it  is  necessisry  that  the  spongy  platinum  should  be  quite  cluaii,  and  it  ia  best 
enveloped  in  a  thin  sheet  of  platinum  foil,  which  piotecta  it  fnnn  dost.  In  any  cue, 
alter  some  lime  it  will  be  neoeaaary  to  clean  the  platinum,  which  iiiay  be  easily  done  by 
boilinR  it  in  nitric  acid,  which  does  not  dissolve  the  platinani,  but  dears  it  of  all 
dirt.  This  imperfection  has  given  rise  to  several  other  forma,  in  whiah  an  electric 
spark  ia  made  to  pass  before  the  orifice  from  which  the  hydrogen  eacapea.  This  is 
amuigEd  in  such  a  manner  that  the  linc  of  a  galvanic  element  ia  immersed  when 
the  oock  is  turned,  or  a  small  coil  giving  a  Hpark  is  put  into  circuit  on  turning  the 
hydrogen  OQ. 

^^  Under  conditions  the  same  as  (booe  in  which  hydrogen  combines  with  oxygen  it  is 
also  capable  of  combining  with  chlorine.  A  mixture  of  hydrogen  and  chlorine  eiptodea 
on  the  passage  of  an  electric  aparh  through  it,  or  on  contact  with  an  incandescent  anb- 
Rtauoe,  and  also  in  the  presence  of  spongy  platinum  ;  but,  beiideH  this,  the  action  of  light 
alone  ia  enoogh  to  bring  about  the  combination  of  hydrogen  and  chlorine.  If  a  mixture 
of  equal  vnlumea  of  hydrogen  and  chlorine  be  eiposed  to  the  action  of  sunlight,  com- 
plete combination  rapidly  ensuea,  accompanied  by  a  report.  Hydrogen  does  not  combine 
directly  with  caiboUi  neither  at  tbe  ordinary  temperature  nor  by  tlie  action  of  heat  and 
pressure.  But  if  an  electric  oorrent  be  passed  through  carbon  electrodes  at  a  short 
distance  from  each  other  (as  in  the  elecric  light  or  voltaic  arc),  so  aa  to  form  on  electric 
are  in  which  the  particles  of  carbon  are  carried  from  one  pole  to  the  other,  then,  in  the 
intenae  heat  to  which  the  carbon  ia  subjected  in  this  case,  it  n  capable  of  combining 
with  hydrogen,  A  pecoliar-smelling  gas,  called  acetylene,  C,H,j,  is  tlins  fonned  from 
miboD  and  hydrogen. 

*<  There  is  another  eipUnation  for  the  facility  of  tbe  reactions  whicii  proceed  at  the 
moment  of  separation.  We  shall  afterwards  learn  that  the  molecule  ol  hydrogen  cantain* 
two  atoms,  Hj.  but  there  are  elements  the  molecules  of  which  only  contain  one  atom — 
for  instance,  mercury.  Therefore,  every  reaction  ol  gsseons  hydrogen  most  bo  accom- 
panied by  the  dissolution  of  that  bond  which  exists  between  tile  aloms  forming  a  mole- 
cule. At  the  moment  ol  evolution,  howerer,  it  i*  supposed  tliat  free  atoms  exist,  and 
tor  this  reown,  according  to  the  bypotbeais,  act  energetically.  This  hypothesis  is  not 
borne  out  by  facts,  and  tbe  conception  of  hydrogen  being  oondenseit  at  the  moment  of 
its  evolntioD  is  more  natural,  and  u  in  accordance  with  tbe  fact  (Nole  1S|  that  crm- 
preased  hydrogen  diaplacea  palladium  and  silver  <Bnintier,  BehetoSj— (bat  i^.  acts  as  nt 
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In  this  condensetl  foi-iu  it  is  capable  of  reiicting  on  substances  on  which 
it  does  not  act  in  a  gnseiius  stat*.  There  is  a  vei-y  intimate  and  evident 
relation  between  tho  phenonieua.  which  take  place  in  the  action  of 
spongy  platinum  and  the  phenomena  of  the  action  in  a  nascent  state. 
The  combination  of  hydrogen  with  iildehyde  may  be  taken  a»  an  ex- 
ample. Aldehyde  is  a  volatile  liquid  with  an  aromatic  emell,  boiling  at 
21°,  Bolublf  in  water,  and  absorbing  oxygen  from  the  atmosphere,  and 
in  this  absorption  forming  acetic  ai;id — the  eubstanee  which  is  found  in 
ordinary  vinegar.  If  sodium  amalgani  be  thn>wn  into  an  aqnenUH 
solution  of  aldehyde,  the  greater  part  of  the  hydrogen  evolved  coiiibines 
with  tlie  aldehyde,  forming  alcohol— a  substance  which  is  also  soluble 
in  water,  which  forms  the  principle  of  all  spirituous  liquors,  boils  at  78°, 
and  which  contains  the  same  amount  of  oxygen  and  carbon  as  alitehyde, 
hut  more  hydrogen.  The  composition  of  aldehyde  is  CjH.O,  and  of 
alcohol  CjHgO.  Heactions  of  substitution  or  displacement  of  metals 
by  hydrogen  at  the  moment  of  its  evolution  are  particularly  nume- 
rous.*'' 

Metals,  as  we  shall  afterwards  see,  are  in  many  cases  able  to  replace 
each  other  ;  they  also,  and  in  some  ca.ses  still  more  easily,  replace  and 
are  replaced  by  hydrogen.  We  have  already  seen  examples  of  this  in 
the  formation  of  hydrogen  from  water,  sulphuric  acid,  &c.  In  all  these 
cases  the  metals  sodium,  iron,  or  zinc  displace  the  hydrogen  which  occurs 
in  these  compounds.  Hydrogen  may  be  displaced  from  many  of  its 
compounds  by  metals  by  exactly  the  same  method  as  it  is  displaced 

**  When,  for  insluice,  nn  ncii  and  zinc  are  tAied  to  a  ult  oF  •ilver,  the  ailvec  it 
rednced;  but  this  ida;  be  eiplainuil  ng  a.  leoatian  at  the  linc.  uid  not  of  the  Uydtogeo  «t 
tha  momeni  o(  itii  sTolatiDD.  There  ate,  however,  eiUDples  («  which  thU  expl«tution 
ia  mtirel;  inipplicable ;  thai,  tor  instance,  hydrogen,  nt  the  nioroent  of  it*  erolutlon, 
eui)]'  laken  Dp  (iiygen  from  iU  compounds  with  oitrogen  it  tiiey  be  in  KilDtion,  itnd 
coiiierta  tlie  nitrogen  inloiU  combination  withhydrogen.  Here  the  nitrogen  and  hydrogen, 
■o  lo  ipeak.  meet  nt  ths  moment  of  their  evolution,  and  in  this  slate  oombiiie  together. 

It  l>  evideut  from  tliia  that  the  elastic  g&seoDs  state  of  hydrogen  fixes  the  limit  id  its 
Haergy :  biudece  it  from  entering  into  those  combinations  of  which  il  ii  CHpable.  In  ths 
naaL-ent  itlate  we  have  hydrogen  wliicli  is  not  iu  a  gaseans  atsle,  and  its  action  i«  then 
madi  more  energetic.  This  is  rendered  very  clear  from  the  conception  of  chemical 
euargy.  becan»e  the  process  of  paasing  into  a  gas  requires  it  certain  unount  of  heat,  and 
couseqnentlj  abaorbn  a  certain  amoant  of  work.  If  gaseous  hydrogen  is  produced,  it 
•bom  that  there  are  already  conditions  sufficient  (or  Che  traaimistion  of  livat  to  the 
iiydtogen  evolved  in  order  to  convert  it  into  a  gas.  It  is  evident  at  the  moment  of  evo- 
hilion  that  heat,  which  wonld  be  latent  in  the  gaseons  hydrogen,  h  transmitted  to  jti 
DulsoaleB,  and  consequently  they  are  in  a  Klate  of  potential,  and  can  hence  act  oD  many 

Let  na  here  remark  the  circun 
4  above,  that  hydrogen  o 
tinum.  acts  aa  ii   reducing  agent 
1  tlutt  sabstanccB  wnlaininp  n 
in  elliKting  a  redaclian 
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from  water  ;  sOy  for  example,  hydrochloric  acid,  which  is  formed 
directly  by  the  combination  of  hydrogen  with  chlorine,  gives  hydrogen 
by  the  action  of  a  great  many  metals,  just  as  sulpha ric  acid  does. 
Potassium  and  sodium  also  di^lace  hydrogen  from  its  compounds  with 
nitn^n  :  it  is  only  from  its  compounds  with  carbon  that  hydrosen  is 
not  dLsplaceil  by  metals.  Hydiogen»  in  its  turn,  is  able  to  replace 
u^etals  ;  this  is  accomplisheii  most  easily  on  heating,  and  with  those 
metals  which  do  not  themselves  displace  hyiirogen.  If  hydrogen  be 
passeil  over  the  compounds  of  many  metals  with  oxygen  at  a  red  heat, 
it  takes  up  the  oxygen  from  the  metals  and  displaces  them  just 
as  it  is  itself  displaceil  by  metals.  If  hydrogen  be  passed  over  the 
ci>mpouud  i*f  oxygen  with  v.\»p^H»r  at  a  reil  hetic  then  metallic  copper 
and  water  are  obtaiueil  Oui>4^  H:,s=H.0  4-Cu.  This  kind  of  double 
ikx-ompoedtion  is  called  i-^dti^-tMn  with  respect  t«>  the  metaL  which  is 
thus  ivduceil  to  a  uietalHc  state  from  it^  ct.»tubinifction  with  oxygen. 
But  it  must  be  reivllectc«.l  that  all  metal:>  «.l«>  not  displace  hydrogen 
from  its  com^H>uud  with  oxygen,  and,  conversHly.  hydn.Hjen  is  not  able 
to  displace  all  metals  from  tht»ir  cvnupounds  with,  oxvj^ja  ;  thus  it  does 
not  displace  potassiuttu  calcium,  or  aluminium  tn^m  their  compocmds 
with  oxygen.  If  the  metals  be  arrarure^l  in  the  lx>llowin^  series : 
K,  Xa,  Ca,  Al  .  .  .  .  Fe,  Ziu  Hg  ....  Cu,  Fb,  .V:^,  Au,  then 
the  tirst  are  able  to  take  up  oxygen  fn>m  water  thiiC  is.,  displace 
hv«.lr»Jifen  -  whilst  the  last  do  nijt  act  thus,  but  are,  on  the  oontrarv, 
reduced  bv  hvilroijeii — that  ii>.  have,  as  Ls  >aid,  a  less  adinitv  for 
oxygen  than  hydrogen,  whilst  potassium,  s«xiiuiij.  calcium  have  more. 
This  h>  also  expresaetl  by  the  am«.ittat  of  h^eat  evolvtnl  in  the  act  of 
combination  with  oxygen,  and  is  shown  by  the  ftwt  th.'it  potassium  and 
sodium  .vad  other  similar  metals  evolve  heat  in  Jeo.Mii{.H.ising  water :  but 
copper,  silver,  and  the  like  <io  not  do  this,  because  ia  ci^inbinin:;  with 
oxygen  they  evi)lve  less  heat  than  hydt\>gen  does,  ami  theret*j»re  it  hap- 
pens thikt  when  hydrogen  reiiuces  these  metals  heat  is  evi.»lved.  Thus, 
jBor  example,  if  1*5  grams  of  oxygen  combine  with  co^'per.  -'^.nX^*)  units  of 
heat  are  evoiveil :  and  when  16  grams  of  oxygen  combine  with  hyiinitjen. 
firming  water,  ^D^X)*)  units  of  heat  are  evohe^l  :  whilst  2:5  ujams  of 
tn  ^rombining  with  16  grams  of  oxygen,  evolve  1<.^><X^«)  units  of 
This  example  clearly  shows  that  chemicitl  reactions  which  pro- 

firectiy  and  unaideii  evolve  heat,     So«.lium  »lecom poses  water  and 

ref luces  copper,  because  they   are  ".ruM^r///^'^  reactions,   or 

which  evolve  heat  :  copper  does  not  decompt.>se  water,  J>?caiise 

a  result  ion  would  be  accompanied  by  an  absorpti«»n  or  secretit.>n> 
df  beat.  *ir  belongs  to  the  cLiss  of  'irul*>th*^nnft!  reai.*tion.s,  in  which  heat 
i»  abaorhe<i  :    and  such  reactions  do  not  generally  pnxeed   «Jirectiv. 
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I  although  they  may  take  place  with  the  aul  uf  energy  (electncal,  ther- 
■  jnaJ,  ifec.)  borrowed  from  some  foreigu  souvee.^'' 

The  reduction  of  metals  by  hydrogen  is  taken  advantago    of    for 

W,def^rminiti^  iAe  exact  composition  of  iraUr  by  Kvitjht.  Copper  oxide  is 

^usually  chosen  for  this  purpose.     It  is  heated  to  redness  in  hydrogen, 

tnd  the  quantity  of  water  thus  formed  is  determined,  then  the  quantity 

Bot  oxygen  which  occurs  in  it  is  found  from  the  los.^  in  weight  of  the ' 

Imtpper  oxide.     This  loss  will  depend  on  the  fnct  that  the  oxygen  haa 

■■«ntei-ed  into  the  water.     The  copper  oxide  must  be  weighed  immediately 

t  before  and  after  the  experiment.     The  difference  shows  the  weight  of 

L  the  oxygen  which  entered  into  the  composition  of  the  wat^r  formed. 

In  this  manner  oidy  solids  have  to  be  weighed,  which  is  a  very  great 

gain  in  the  accuracy  of  the  results  obtained. '^     Dulong  ami  Berzelius 

(1819)  were  the  first  to  determine  the  composition  of  water  by  this 

method,  and  they  found  that  water  contains  S6-91  of  oxygen  and  11'09 

iof  hydrogen  in  100   parts,  or  S'OOS  parts  of  oxygen  per  one  part  of 
hydrogen.     Dumas  (1842)  improved  on  this  method,*"  and  found  that 


1  the  olidcB 


n ;  tbe  bjilro^n  or  the  mi(«[  act  iiccording  b 

I.     The    influence    of  mam  ia   clearly    avii 

4H,=Cn  +  H.iO[s  not  reTuraible;  the  diffei 

7  erant  in  thi*  cue,  odA,  theretora,  hb  far  as 

n  the  presHnae  o!  a  Urge  eicesii  of 

ti  under  the  conditions  of  the  dbHociatinn  of  nal 

probabl;  bec«um  tho  oxide  o[  copper  itself  ia  dec< 

*'  Thia  detenniuntiou  mfty  be  carried  on  iiiui  sppnr 
la  of  Chapter  L 

*•  We  will  proceed  to  describe  DiiiuBa'  metliod  and 
pure  and  dry  roppir  oiide  ia  neoeawiry.  D«mm  too 
oxide  tor  the  tormntion  ot  BO  KrumH  of  water  in  each 
copper  wai  weighed  liefore  and  a(t«r  the  eipvrii 


nc,  tDrms  n  reversible  reaction,  whirl 
>  ahich  ■■  removed  from  the  sphere  ■> 
■rhioh  ii  present  in  a  piedcminatinf 


t  thei 

<e  between  the  degrees  of  affinity  i> 

at  prewDt  known,  no  hydrogen  it 

to  l>e  fartlier  remarked, 

ot  oiidiaed  by  water,  mont 

sable  by  heat. 


detern 


Lsthea 


ir  this  determination 
it  r]natitity  o(  coppvr 
ion.  As  the  oiide  of 
it  of  oxygen  con- 


tained in  water  waa  determined  by  the  difference  between  these  weights,  it  w 
that  no  other  snbntacce  besides  the  oxygen  forming  the  water  shoold  be  evolved  from 
tile  oxide  ai  copper  daring  its  ignition  in  hydrogen.  It  was  necessary,  also,  that  the 
hydrogen  ehonld  be  perfectly  pnre,  and  tree  not  only  from  trscei  ot  moisture,  bnt  from 
any  other  imparities  which  might  disnolre  in  the  water  or  combine  with  the  copper  and 
(onn  wime  other  componnd  with  it.  Tbe  bnlb  containing  the  oiide  ot  cnpper  (flg.  901, 
■nd  whiob  was  healed  to  redness,  should  be  quite  tree  from  air,  as  otherwise  the  oxygen 
in  Ibe  aii  might,  in  combining  with  the  hydrogen  posning  throogh  the  vessel,  (arm  water 
in  addition  tn  the  oxygen  of  the  oxide  of  copper.  The  water  formed  should  be  entirely 
alnoriwd  In  order  to  aocnrately  determine  the  quantity  of  the  resultant  water.  The 
bydtogen  wusevnived  in  the  three-necked  bottle.  The  snlpbnric  add.  tor  acting  on  the  ainc, 
ia  tNmred  through  fnunela  into  the  middle  neck-  The  hydrogen  etolred  in  Che  Wonlte's 
bottle  paeaM  throngh  U  tnben,  in  which  it  is  pnriSed,  to  the  bolh,  where  it  comes  into 
copper  otjda,  torma  water,  and  reduces  the  oxide  to  metallic  copper; 
is  condensed  in  the  second  bulb,  and  any  passing  nS  is  absorbed  in  the 
id  aet  of  U  tabes.    This  is  tho  general  arrsiigement  of  the  apparatus.     The  bulb 
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wat«r  contains  I2'575  parts  of  liydi-ogeii  per  100  parts  oxygen,  that  is — 
T'990  psii-ta  of  oxygen  per  f  part  of  hydrogen,  and  therefore  it  is  usually 


mpoBil 


t  the  « 


ii;tf,i"jij;iii|illii. 


weigbK 
armed. 
B  Uttar  being 


abown  by  tlie 
the  HbflOrbmg  uppiLratlJB-   Know- 
ing  the  lunooiit  of  oiygen  in  UiB 
WHter  fanned,  we  kIho  know  the 
quantity  ot  hj-ilrogen   tonliLined 
in  it,  and  CDniHtqiiently  we  deter- 
mine the  composition  ot  water  bf 
»    weight.    ThiHialheeBBenceoIthe 
^    detennination.    We  will  no*  turn 
-   to  purticDlars.  In  one  neck  of  the 
i;    three-neoked  bottle  there  la  plMwd 
^    a  tube  immersed  inmercury.  Thin 
a    nerves  as  a,  Bifety-valve  to  pre- 
^;    vent  the  prasBUte  inaide  the  op- 
I   pu-atoB  becoming  too  great  (roui 
°   the  rapid  evolution  of  hydrogen. 
5   Did  the  presBuro  rise  to  any  con- 
J    (idemfale  eitent,  the   current  of 
e    gases  «nd  vaponra  would  be  very 
g    rapid,  and,  as  a  conseqaence,  tlie 
S    hydrogen  would  not  be  perfectly 
~   purified,  or  the  nat«r  be  entirely 
^  abeorbed  in  the  tubes  pl*ced  for 
]£    this  purpose.     In  the  Qiird  neck 
I    of  Ibe  Woulfe's  bottle  there  ia  a 
^    tu^KT  leading  the  hydn>gen  to  the 
,.    purifying    apparatQB,   coneiating 
~    of  eight  U  tnbea.  destjned  for  the 
I    purificationandteBtitigot  the  hy- 
drogen.     The  bydroj^eDt  evolved 


by  . 


sud   aulphm 


-st  through 
;la«B  moist. 
f  leadni- 


"J  purified  by  paBsing  it 
^  atubefullofpiecesol  g 
-  e  ed  with  a  solution  < 
;  trite,  ueit  throogh  silver  sul- 
^  pKale;  the  lead  nitrate  retaina 
^  sulphurettfld  hydrogen,  and  ai- 
^  seniuretted  hydrogen  is  retained 
I J  the  tube  with  silver  snlphale. 
••    CauBtic  potash  in  th 


The    two 


might 


Dg  tubes  are  filled  with  lumps  of 
dry  caustic  potash  in  order  to  ab- 
sorb any  carltouic  anhydride  and 
moisture  whiub  the  hydrogen 
mightooutuJa.  The  next  twotubes 
are,  to  completely  dry  the  gan, 
filled  with  a  powder  of  phospliorio 
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received  that  tmUr  conlaiim  eight  /larln  by  weight  ofaxygt 
by  iceif/ht  of  hydrogen.    By  whatever  method 


inhydride.  iDlertnlnglBil  with 
miilare.  The  suiuU  U  tobe  m 
ciperiment :  this  is  in  ordnr  ti 
uiy  taoistiire.    If  it  does  nut, 


IS  of  ptimice-atona.  They  h 
IB  bygroBCopic  aubBUnoeB,  i 
w  whether  the  hyilrogen  pit 


per  one  p 
be  obtained,  it  n 

iniereed  in  ■  Inexing 


cill  n 


t,  but  if  the  hydrogen  evolved  still  TetainB  moiatnre,  the  tube  will  in- 
creue  in  weight.  The  copper  luicle  is  dropped  into  the  bulb,  which  ia,  pnvioQB  to  tfao 
eiperimenl,  dried  with  the  copper  oxide  during  A  long  period  of  time.  The  ur  is 
then  edmustvd  from  it,  in  order  lo  weigh  the  oiide  of  uoppei  in  a  vmcaDm  and  to 
■void  nuking  any  cnrrectlon  for  weighing  ia  sir.  The  bnlb  is  made  of  infusible  glssa, 
that  il  may  be  able  to  withstand  a  lengthy  (80  hours)  eipoaura  to  ■  red  hesl  withoal 
chuigintcin  form.  Thoweigbed  bolb  is  only  conuected  with  the  purifying  spporatua  after 
thebjdnigen  has  alrK»dy  putsed  through  for  a  long  lime,  and  after  eiperiment  has  shown 
that  th«  hydrogen  pHssioji  (rem  the  purifying  apparatus  is  pnce  and  does  not  contain 
any  air.  When  the  bulb  is  connected  with  the  purifying  appnratus,  its  cock  ia  opened 
and  the  hydrogen  Htls  the  bnlb.  The  drawn-out  end  of  the  bulb  in  joined  by  an  india- 
rubber  tube  with  the  aecond  bulb,  in  which  the  water  formed  is  condensed.  When  thia 
oonnection  ia  mads,  the  thread  binding  up  the  india-mbber  tube  ia  untied,  and  then  the 
liydrogon  can  pass  Freely  through  the  appantus.  On  passing  from  the  condensing  bulb 
Ibfl  gu  uid  vapour  enter  into  an  apparatus  for  absirbing  the  last  traces  of  moisture. 
The  first  LI  tube  contains  pieces  of  ignited  potash,  the  second  and  third  tubes  phosphoric 
anhydride  or  iiumiGu.stone  moistened  with  sulpliaric  acid.  The  last  of  the  two  is 
■mployeid  for  delermiutng  whether  all  the  moisture  ia  absorbed,  and  is  therefore  weighed 
•epatately.  The  final  lube  only  serves  as  a  safety -tube  for  the  whole  apparatus,  in  order 
that  the  eitemal  moisture  should  not  penetrate  inla  it.  The  glaes  cylinder  contains 
milphnric  arid,  through  which  the  eicoss  of  hydiogen  passes;  it  enahles  the  rale  at 
which  the  hydiogen  is  evolved  to  be  judged,  nnd  whether  its  amonnt  shoald  be  decreaeed 

When  the  apparatus  is  net  up  it  must  be  seen  that  all  its  parts  are  hermetically  tight 
before  commencing  the  experiment.  When  the  previously  weighed  parts  are  joined 
together  and  the  whole  apparatus  put  into  ccmiuianiaation,  then  the  bolb  containing 
oopper  oiide  ia  heated  with  a  spirit  lamp  (reduction  does  not  take  phu»  without  the 
of  heat],  and  the  reduction  of  the  copper  oiide  then  takes  plane,  and  water 
which  condenses  in  the  absorbing  apparatna. ,  When  nearly  all  the  copper  oiide  ■<  »- 
dUDed  the  Ump  is  rumored  and  tbe  apparatus  allowed  Co  cool,  the  carrenl  of  hydrogen 
being  kept  up  all  the  time.  When  cool,  Ihe  drawn-out  end  of  Che  bulb  is  fused  Dp,  and 
the  hydrogen  remaining  in  it  ia  exhauated,  in  order  that  the  copper  may  be  again  weighed  In 
avacunm.  The  nUsorbing  apparatna  remainatnllot  hydrogen,  and  would  therefore  present 
a  less  weight  than  it  it  were  full  of  air,  as  it  tits  before  the  eiperinieut,  and,  therefore, 
having  disconnected  the  copper  oride  bnlb,  a  cnrreat  of  dry  ail  ia  paiued  through  it  until 
the  goa  pasaing  from  the  glass  cylinder  is  qoite  tree  from  hydrogen.  Tlu  oondenaing 
bnlb  and  the  two  tubes  next  to  it  aie  then  weighed,  in  order  to  determine  the  quantity  of 
water  formed.  Duma*  repented  thia  experiment  many  Umes,  The  avera^  reanlt  was 
that  water  contains  lUGS'll  parts  of  hydrogen  per  10000  parta  of  oxygen.  Making  a 
oorrMtion  tor  the  amount  of  air  cnntained  in  the  Hulphnric  acid  employed  tor  producing 
tbe  hydrogen,  Dumaa  obtained  (he  average  flgure  I'.JS1'G,  between  the  extrenien  13173 
and  115B-a.  Tliis  proves  that  per  1  part  of  hydrogen  water  contains  TOW*  parts  ot 
oxygen,  with  a  poasible  error  ot  not  more  than  jin>  ™  '^''^j  '"  '''"  imonnt  ot  oxygen  per 
1  part  of  hydrogen. 

Grdniann  and  Uarchand,  in  eight  determinations,  found   that   per   lOOOO  [inrts  uf 

kins  an  average  of  13Sa  parts  of  hydrogen,  with  a  difference  et  from 

U68-E  to  194871  hence  per  1  part  of  hydrogen  there  would  be  T'ffOSS  ot  oxygen,  with  an 

ot  at  least  UOS,  because,  taking  the  figure  ISGBS,  the  amount  of  oxygen  per  I 

jf  hydrogen  wonid  be  TStl. 


ed  ag   ^^ 
heti4^H 
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always  present  the  same  composition.  Whether  it  be  taken  from  nature 
and  purified,  or  whether  it  be  obtained  from  hydrogen  by  oxidation,  or 
whether  it  be  separated  from  any  of  its  compounds,  or  obtained  by  some 
double  decomposition — it  will  in  every  case  contain  one  part  of  hydrogen 
and  eight  parts  of  oxygen.  This  is  because  water  is  a  definite  chemical 
compound.  Detonating-gas,  from  which  it  may  bo  formed,  is  a  simple 
mixture  of  oxygen  and  hydrogen,  although  a  mixture  of  the  same 
composition  as  water.  All  the  properties  of  both  constituent  gases  are 
preserved  in  detonating-gas.  Either  one  or  the  other  gas  may  be 
added  to  it  without  destroying  its  homogeneity.  The  fundamental 
properties  of  oxygen  and  hydrogen  are  not  found  in  water,  and  neither 
of  the  gases  can  be  added  to  it.  But  they  may  be  evolved  from  it.  In 
the  formation  of  water  there  is  an  evolution  of  heat  ;  for  the  decom- 
position of  water  heat  is  required.  All  this  is  expressed  by  the  words> 
WcUer  is  a  definite  chemical  compound  of  hydrogen  with  oocyyen.  Tak- 
ing the  symbol  of  hydrogen,  H,  as  expressing  a  unit  quantity  by  weight 
of  this  substance,  and  by  expressing  16  parts  by  weight  of  oxygen  by  0> 
we  can  express  all  the  above  statements  by  the  chemical  symbol  of 
water,  H2O.  As  only  definite  chemical  compounds  are  denoted  by 
formulae,  having  denoted  the  formula  of  a  compound  substance,  we 
express  by  it  the  entire  series  of  conceptions  which  are  connected  with  the 
representation  of  a  definite  compound,  and,  at  the  same  time,  the  quan- 
titative composition  of  the  substance  by  weight.  Further,  as  we  shall 
afterwards  see,  formulae  express  the  volume  of  the  gases  contained  in  a 
substance.  Thus  the  formula  of  water  shows  that  it  contains  two  volumes 
of  hydrogen  and  one  volume  of  oxygen.  Besides  which,  we.  shall  learn 
that  the  formula  expresses  the  density  of  the  vapour  of  a  compound, 
and  on  this,  as  we  have  seen,  many  properties  of  substances  depend. 
This  vapour  density,  as  we  shall  learn,  also  determines  the  quantity  of 
a  substance  entering  into  a  reaction.  Thus  the  letters  HjO  tell 
the  chemist  the  entire  history  of  the  substance.  This  is  an  inter- 
national language,  which  endows  chemistry  with  a  simplicity,  clear- 
ness, stability,  and  trustworthiness  founded  on  the  investigation  of  the 
laws  of  nature. 

Keiser  (1888),  in  America,  by  employing  palladium  hydride,  and  by  introducing 
various  new  precautions  for  obtaining  accurate  results,  foimd  the  comx3osition  of  water 
to  be  15*95  parts  of  oxygen  per  2  of  hydrogen. 

Certain  of  the  latest  determinations  of  the  composition  of  water  are  hardly  less  exact 
than  the  analysis  made  by  Dumas,  and  always  give  less  than  8,  and  on  the  average 
7*98,  of  oxygen  per  1  part  of  hydrogen.  At  present,  therefore,  the  atomic  weight  of 
oxygen  is  taken  as  15'9C.  However,  this  figure  is  not  to  be  entirely  dejjended  on,  and 
for  ordinary  accuracy  it  may  be  considered  that  0  =  16. 
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CHAPTER  III 

OXYGEN   AND   THE   CHIEF   ASPECTS   OP   ITS   SALINE   COMBINATIONS. 

On  the  earth's  surface  there  is  no  other  element  which  is  so  widely  dis- 
tributed as  oxygen  in  its  various  compounds.*  It  makes  up  eight-ninths 
of  the  weight  of  water,  which  occupies  the  greater  part  of  the  earth's 
surface.  Nearly  all  earthy  substances  and  rocks  consist  of  compounds 
of  oxygen  with  metals  and  other  elements.  Thus,  the  greater  part  of 
sand  is  formed  of  silica,  SIOq,  which  is  a  compound  of  oxygen  with  silicon, 
and  contains  53  p.c  of  oxygen  ;  clay  contains  water,  alumina  (formed  of 
aluminium  and  oxygen),  and  silica.  It  may  be  considered  that  earthy 
substances  and  rocks  contain  up  to  one- third  of  their  weight  of  oxygen  ; 
animal  and  vegetable  substances  are  also  very  rich  in  oxygen.  With- 
out counting  the  water  present  in  them,  plants  contain  up  to  40,  and 
animals  up  to  20  p.c.  by  weight  of  oxygen.  Thus,  oxygen  compounds 
predominate  on  the  earth's  surface,  and  form  about  one-half  of  the 
whole  of  the  solid  and  liquid  matters  of  the  earth's  crust.  Besides 
this,  a  portion  yet  remains  free,  and  is  contained  in  admixture  with 
nitrogen  in  the  atmosphere,  forming  about  one-fourth  of  its  mass,  or 
one-fifth  of  its  volume. 

Being  so  widely  distributed  in  nature,  oxygen  plays  a  very  im- 
portant part  in  it,  for  a  number  of  the  phenomena  which  take  place 
before  us  are  mainly  dependent  on  it.  Animals  hreatJie  air  in  order 
to  obtain  only  oxygen  from  it,  the  oxygen  entering  into  their 
respiratory  organs  (the  lungs  of  human  beings  and  animals,  the  gills  of 
fishes,  and  the  trochaj  of  insects) ;  they,  so  to  say,  drink  in  air  in  order 
to  absorb  the  oxygen.  The  oxygen  of  the  air  (or  dissolved  in  water) 
passes  through  the  membranes  of  the  respiratory  organs  into  the  blood, 
is  retained  in  it  by  the  blood  corpuscles,  is  transmitted  by  their 
means  to  all  parts  of  the  body,  aids  their  transformations,  bringing 

1  As  regards  the  interior  of  the  eartli,  it  probably  contains  far  less  oxygen  compounds 
than  the  surface,  judging  by  the  accumulated  evidences  of  the  earth's  origin,  of  mete- 
orites, of  the  earth's  density,  itc,  as  set  forth  in  the  fourth  chapter  of  my  work  on  the 
*  Naphtlia  Industry,'  1877,  in  speaking  of  the  origin  of  naphtha. 
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about  chemical  processes  in  them,  and  chiefly  extracting  carbon  from 
them  in  the  form  of  carbonic  anhydride,  the  greater  part  of  which 
passes  into  the  blood,  is  dissolved  by  it,  and  is  thrown  off  by  the  lungs 
during  the  absorption  of  the  oxygen.  Thus,  in  the  process  of  respiration 
carbonic  anhydride  (and  water)  is  given  off,  and  the  oxygen  of  the  air 
absorbed,  by  which  means  the  Uood  is  changed  from  a  dark -red 
venous  to  a  bright-red  arterial  blood.  The  cessation  of  this  process  causes 
death,  because  then  all  those  chemical  processes,  and  the  consequent 
heat  and  work  which  the  oxygen  introduced  into  the  system  brought 
about,  ceases.  For  this  reason  suffocation  and  death  ensue  in  a  vacuum, 
or  in  a  gas  which  does  not  contain  fcree  oxygen  (whidi  does  not  support 
combustion).  If  an  animal  be  placed  in  an  atmosf^re  of  free  oxygen, 
then  at  first  its  movements  are  very  active  and  a  general  invigoration  is 
remarked,  but  a  reaction  soon  sets  in,  and  periiaps  death  may  ensue. 
The  oxygen  of  the  air,  when  it  enters  the  lungs,  is  diluted  with  four 
volumes  of  nitrt^n,  which  is  not  absorbed  into  the  system,  and  there- 
fore the  blood  absorbs  but  a  small  quantity  of  oxygen  from  the  air, 
whilst  in  an  atmosphere  of  pure  oxygen  a  large  quantity  of  oxygen 
would  be  absorbed,  which  would  produce  a  very  rapid  change  of  all  parts 
of  the  organism,  and  destroy  it.  From  what  has  been  said,  it  wiU  be 
understood  that  oxygen  may  be  employed  in  respiration,  at  least  for  a 
limited  time,  when  the  respiratory  organs  suffer  under  certain  forms  of 
suffocation  and  impediment  to  breathing.* 

The  combustion  of  organic  substances — that  is,  substances  which 
make  up  the  composition  of  plants  and  animals — proceeds  in  the 
same  manner  as  the  combustion  of  many  inorganic  substances,  such  as 
sulphur,  phosphorus,  iron,  <kc.,  from  the  combination  of  these  sub- 
stances with  oxygen,  as  was  described  in  the  Introduction.  The  de- 
composition, rotting,  and  similar  transformations  of  substances,  wliich 

=*  It  is  evident  that  the  piurtial  pressure  {see  Chap.  II.)  acts  in  respiration.  The  researches 
of  Paul  Bert  showed  this  with  particular  clearness.  Under  a  pressure  of  one-fifth  of  an  at- 
mosphere consisting  of  oxygen  only,  animals  and  human  beings  remain  under  the  ordinary 
conditions  of  the  partial  pressure  of  oxygen,  but  organisms  cannot  support  air  rarefied  to  one- 
fifth,  for  then  the  partial  pressure  of  the  oijrgen  falls  to  one-twenty-fifth  of  an  atmosphere. 
Even  under  a  pressure  of  one-third  of  an  atmosphere  the  regular  life  of  human  beings  is  im- 
possible, by  reason  of  the  impossibility  of  respiration  (of  the  decrease  of  solubility  of  oxygen 
in  the  blood  i,  owing  to  the  small  partial  pressure  of  the  oxygen,  and  not  from  the  mechani- 
cal effect  of  the  decrease  of  pressure.  Paul  Bert  illustrated  all  this  by  many  experiments, 
some  of  which  he  conducted  on  himself.  This  explains,  among  other  things,  the  discom- 
fort felt  in  the  ascent  of  high  mountains  or  in  balloons  when  the  height  reached  exceeds 
eight  kilometres,  and  at  pressures  below  250  mm.  (Chap.  II.  note  2U).  It  is  e^-ident  that 
an  artificial  atmosphere  has  to  be  employed  in  the  ascent  to  great  heights,  just  as  in  sub- 
marine work.  The  cure  by  compressed  and  rarefied  air  which  is  practised  in  certain  ill- 
nesses is  based  partly  on  the  mechanical  action  of  the  change  of  pressure,  and  i>artly  on 
the  alteration  in  the  partial  pressure  of  the  respired  oxygen. 
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proceed  around  us,  are  also  very  often  dependent  on  the  action  of  the 
oxygen  of  the  air,  and  also  reduce  it  from  a  free  to  a  combined  state. 
The  majority  of  the  t-ompounds  of  oxygen  are,  like  water,  very  stable, 
and  do  not  give  up  their  oxygen  under  the  ordinary  conditions  of  nature. 
Ah  these  pi-oceases  are  taking  place  everywhere,  therefore  the  amount 
of  free  oxygen  in  the  atnioaphere  should  decrease,  and  this  decrease 
«hould  pi-oceed  somewhat  rapidly.  This  is,  in  fact,  obBer\-ed  where 
combustion  or  respiration  proceeds  in  a  closed  space.  AnimalssuSbcatein 
a  closed  space  because  in  consuming  the  oxygen  the  air  remains  unfit  for 
respiration.  In  the  same  manner  combustion,  in  time,  ceases  in  a  closed 
space,  which  may  be  proved  by  a  very  simple  experiment.  An  ignited 
substance — for  instance  apieceof  burning  sulphur^has  only  to  be  placed 
in  a  glass  flask,  which  is  then  closed  with  a  stout  cork  to  prevent  the 
access  of  the  external  air  ;  combustion  will  proceed  for  a  certain  time, 
ao  long  ajj  the  flask  contains  any  free  oxygen,  but  it  will  cease,  although 
there  still  remain  unburnt  sulphur,  when  all  the  oxygen  of  the  enclosed 
air  has  combined  with  the  sulphur.  From  what  has  been  said,  it  is 
evident  that  regularity  of  combustion  or  respiration  requires  a  con- 
stant renewal  of  air — that  is,  that  the  burning  substance  or  respiring  J 
animal  should  have  access  to  a  fresh  supply  of  oxygen.  This  is  attained  J 
in  human  habitations  by  having  many  windows,  outlets,  and  ventilators,  n 
and  by  the  current  of  air  produced  by  (ires  and  stoves.  As  regards  the 
air  over  the  entire  earth's  surface,  its  amount  of  oxygen  hardly  decreases, 
because  in  nature  there  is  a  process  going  on  which  renews  the  supply 
of  free  oxygen.  I'lantg,  or  rather  their  leaves,  during  daytime^ — that  is, 
under  the  influence  of  light— ero^re  free  oxyi/en.  Thus  the  loss  of 
oxygen  which  occurs  in  consequence  of  the  respiration  uf  animals  and  of 
combustion  is  matle  good  by  plants.  If  a  leaf  be  placed  in  a  bell  jar  con- 
taining water,  and  carbonic  anhydride  (because  this  gas  is  absorbed  and 
oxygen  evolved  from  it  by  plants)  be  passed  into  the  bell,  and  the  whole 
apparatus  be  placed  in  sunlight,  then  oxygen  will  accumulate  in  the 
bell  jar.  This  experiment  was  first  made  by  Priestley  at  the  end  of  the 
last  centui-y.  Thus  the  life  of  plants  on  the  earth  not  only  serves  for 
the  formation  of  foo<l  for  animals,  but  also  fur  keeping  up  a  constant 
percentage  of  oxygen  in  the  atmosphere.  In  the  long  period  of  the  life  of 
the  earth  that  equilibrium  has  been  attained  between  tlie  processes  ab- 

*  At  night,  without  t!i6  ftclion  of  light,  vithout  the  nbgorptioii  of  that  eiiergj  which 
u  re4nired  tor  the  decoiin>o«itioii  ot  cwbonic  atihydride  iuto  free  oijtjen  "nd  e»rlxin, 
which  ii  tBtuned  bjthe  pl&nta,  they  breathe  like  uiinuilB,  nlworbiDg  oxygen  and  evolving 
caibnnie  anhydride.  This  proceus  aiao  goes  on  aide  by  side  vrith  Iho  reverae  procns  in 
dajtiine,  but  than  it  is  fai  feebler  thui  tbat  which  gives  oiyeeu.  This  i^norTstion  is  t, 
aeoMwry  eonBuqnence  of  an  nggregate  of  data  rateiring  to  the  phyaiologiail  procesaea  of 
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Ayr^>ii\jf  mul  involving  oxygen,  by  which  a  definite  quantity  of  free 
Hs\y^i\  is  pn*served  in  the  entire  mass  of  the  atmosphere.* 

Kit»i*  oxy^n  may  be  obtained  by  one  or  another  method  from  all 
iW  !^ul)«tiini^^«  in  which  it  occurs.  Thus,  for  instance,  the  oxygen  of 
hmuy  $ul^tanoes  may  be  transferred  into  water,  from  which,  as  we 
h*v^^  alreAiiy  sei»n,  oxygen  may  be  obtained.**  We  will  tirst  consider 
tlw*  lUf^thtHis  of  extracting  oxygen  from  air  as  being  a  substance  every- 
wlw^ixk  ilistributed.  The  separation  of  oxygen  from  it  is,  however, 
Ki%iM|^M^nHi  by  many  difficulties. 

FVimi  air,  which  contains  a  mixture  of  oxygen  and  nitrogen,  the 
uitix^'U  alone  cannot  be  removed,  because  it  has  no  inclination  to 
ccuuWnt*  directly  or  readily  with  any  substance  ;  and  although  it  does 
\HMuhino  with  certain  substances  (boron,  titanium),  these  substances  com- 
Wnt»  Himult^ineously  with  the  oxygen  of  the  atmosphere.^      However, 

*  Tht*  tuurth's  surface  is  equal  to  about  510  million  square  kilometres,  and  the  mass  of 
Ih^  Air  1  at  a  pressure  of  760  mm.)  on  each  kilometre  of  surface  is  about  10^  thousand  millions 
\>i  kiU>);nu»s,  or  about  10^  million  tons;  therefore  the  whole  weight  of  the  atmosphere 
it  Mlnmi  5100  million  million  (  =  51x10")  tons.  Consequently  there  are  about  2x10'* 
l\>ii»  of  free  oxygen  in  the  earth's  atmosphere.  The  innumerable  series  of  processes 
whioh  absorb  a  portion  of  this  oxygen  are  compensated  for  by  the  plant  processes.  Count- 
ill);  that  100  million  tons  of  vegetable  matter,  containing  40  p.c.  of  carbon,  formed  from 
tMA^rUnuo  acid,  are  produced  (and  the  same  process  proceeds  in  water)  per  year  on  the  100 
miUiou  square  kilometres  of  dry  land  (ten  tons  of  roots,  leaves,  stems,  Sec.  per  hectare,  or 
1^0  ^^'  i^  square  kilometre),  we  find  that  the  plant  life  of  the  dry  land  gives  about  100,000 
loiii  of  oxygen,  which  is  an  insignificant  fraction  of  the  entire  mass  of  the  oxygen  of 
iho  air. 

*  Tlie  extraction  of  oitygen  from  water  may  evidently  be  accomplished  by  two  pro- 
coaaes :  either  by  the  decomposition  of  water  into  its  constituent  parts  by  the  action  of  a 
galvanic  current  (Chap.  11.),  or  by  means  of  the  removal  of  the  hydrogen  from  water. 
But,  as  we  have  seen  and  already  know,  hydrogen  enters  into  direct  combination  with  very 
few  substances,  and  then  only  under  special  circumstances ;  whilst  oxygen,  as  we 
ahall  soon  learn,  combines  with  nearly  all  substances.  Only  gaseous  chlorine  (and 
eHjiecially,  fluorine)  is  capable  of  decomposing  water,  taking  up  the  hydrogen  from  it, 
without  combining  with  the  oxygen.  Chlorine  is  soluble  in  water,  and  if  an  aqueous 
solution  of  chlorine,  so-called  chlorine  water,  be  poured  into  a  flask,  and  this  flask  be 
inverted  in  a  basin  containing  the  same  chlorine  water,  then  we  shall  have  an  apparatus 
by  means  of  which  oxygen  may  be  extracted  from  water.  At  the  ordinary  temperature, 
and  in  the  dark,  chlorine  does  not  act  on  water,  or  only  acts  very  feebly ;  but  under 
the  action  of  direct  sunlight  chlorine  decomposes  water,  with  the  evolution  of  oxygen. 
The  chlorine  then  combines  with  the  hydrogen,  and  gives  hydrochloric  acid,  which  dis- 
solves in  the  water,  and  therefore  free  oxygen  only  will  be  separated  from  the  liquid  y 
and  it  will  only  contain  a  small  quantity  of  chlorine  in  admixture,  which  can  be  easily 
removed  by  passing  the  gas  through  a  solution  of  caustic  potash,  which  retains  the 
chlorine. 

^  A  difference  in  the  physical  properties  of  both  gases  cannot  be  here  taken  advantage 
of,  because  they  are  very  similar  in  this  respect.  Thus  the  density  of  oxygen  is  IfJ,  and 
of  nitrogen  14  times  greater  than  the  density  of  hydrogen,  and  therefore  porous  vesselft 
camiot  be  here  employed — the  difference  between  the  times  of  their  passage  through  a 
porous  surface  would  be  too  insignificant. 

Graham,  however,  succeeded  in  enriching  air  in  oxygen  by  passing  it  through  india- 
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I  oxygen  may  be  separated  from  air  by  causing  it  to  combine  with  sub- 
stajices  which  may  be  easily  decomposed  by  the  action  of  heat,  and,  in 
II 


rubber.     This  mey  be  donp  in  the  foUowiim  way :— A  po 
I   ^g-  37),  iaUiken,  And  its  oritice  hermeticalty  coiuiecteil 
'  Btill,  &  mercury  ftgpitBtor  (the  Sprengel  pump  is  deBigUBtvi]  by  tUe  letters 
the  wpintor  IChap.  II.  note  lit) 


mbber  cUBhion,  x 

-immp,  or,  liellar 

WLien 


pnmpa  out  the  uir,  which  i 
■era  by  the  mercury  tuiiiiiuK 
(ml  in  ui  sloiosl  uiiinl«m]iitvtl 
atraaiD,  lud  from  its  ttiuid- 
iag  Kt  near  tlie  barometric 
I  beiKht.  then  it  may  be  clearly  rc- 
I  mukwl  Uwl  gut  puses  tbroU);h 
Ote  iudim-rabbec.  This  is  nl»<i 
teen  from  the  fact  that  bubble. 
atgaH«mtinaal]ypitiisalan(|!<fith 
the  mercury.  A  Bnutll  iireoanm 
<rf  air  may  be  caustanlly  kept 
ftp  in  the  cuahion  by  [lonriDg 
mercury  into  t}ie  funnel  A,  ami 
■OTflwiug  up  the  cock  c,  to  that 
ihe  etream  Uowing  frnm  it  lie 
■null,  and  then  a  portion  ill  the 
air  paaaing  through  the  india- 
rubber  will  be  carried  nlong 
with  the  mercury.  This  air  may 
be  colleclad  in  the  cylinder  U. 
It«  comiKwition  proves  to  be 
about  13  volnmes  of  oiygen  with 
BT  volume*  of  nitrogen,  anil  one 
Tolome  of  carbonic  anhydride, 
whilst  ordinary  air  contain  h 
'olmnes  nt  oiygen   ill 


too  nilmuea 


Asqus 


isdia-rabber  surface  (of  Ibe  usual 
(hiflkness)  passes  about  4£  c^c.  of 
sncb  ajr  per  hour.  This  eiperi. 
ment  clearly  shows  that  indis. 
mbber  is  pemiealile  to  gases. 
Thia  may,  by  the  way,  be  iili- 
■erred  in  eommon  toy  Ijanoon, 
Mad  with  coal-gas.      Thty  [jill    V     .    _"  -"S_i  " 

after    &    day  or  he.    |^_^^^^^|^^^^^^^^^b^^^^^^_^_^^ 

e  there  are  boles  in  theui,    ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
beoute  «r  penotroles  into,        j,,o.  sJ.-Oral.ani'.  api«ratu«  f«  il«.  d«™p«-ltl«i  of  .Ir 
kukd  the  gaa  from,  tbuir  iaterior,  l)y  pniui4n«  It  tlimuRh  imlla-nibbcr. 

igh  the  surface  of  the  india- 

a  of  which  they  ue  mode.  The  rate  of  the  pssaagc  at  gases  through  judia- 
nibberdnesuot,  SB  Mitchell  and  Orahom  showed,  depend  on  their  densitieiv,  and  con- 
•aqnently  its  permeability  is  not  determined  by  orifices.  It  mom  reecoibles  dialysit 
— ihat  >a,  the  penetration  of  liquids  through  colloid  surfaces.  Equal  volumes  of  gases 
praetista  through  india>rubber  in  periods  of  time  which  are  related  to  esdi  other  as 
'  '  "  s:— carbonic  anhydride,  100;  hydrogen,  917  ;  oiygen,53a;  marsh  gas,  638  ;  carlwnio 
I  OXida,  ISaO;  nitrogon.  13SB.  Heuce  nitrojren  penetrates  more  slowly  than  oxygen,  and 
'g  anhydride  more  quickly  tliun  other  gases.     S'SSfl  volumes  of  oxygen  and 
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so  doing,  give  up  the  oxygen  absorbed — that  is,  by  making  use  of  re- 
versible relictions.  Thus,  for  iiistaiice,  the  oxygen  of  the  alniospliere 
iniiy  be  made  to  oxitliae  sulphurous  anhydride,  SO,  (by  passing  directly 
over  ignited  spongy  platinum),  and  to  form  sulphuric  anhydride,  or 
sulphur  trioxirle,  SO,  ;  anrl  this  substance  (which  is  a  solid  and  volatile, 
and  therefore  easily  separated  from  the  nitrogen  and  sulphurous 
anhydride),  by  heating  again,  gives  o:Eygen  and  sulphurous  anhydride. 
Caustic  siMta  ur  lime  extracts  (absorbs)  the  sulphurous  anhydride  from 
this  mixtui-e,  whilst  the  oxygen  is  not  absorbed,  and  thus  it  is  isolated 
from  the  air.  On  a  large  scale  in  works,  as  wc  shall  afterwards  see, 
sulphurous  anhydride  is  transformed  iuto  hydrate  of  sulphuric  trioxide, 
or  sulphuric  acid,  HjSO,  ;  if  this  is  made  to  fall  in  drops  on  red-hot 
flagstones,  water,  sulphurous  anhydride,  and  oxygen  are  obtfiined. 
The  oxygen  is  easily  isolated  from  this  mixture  by  pa.ssing  the  gases 
over  lime.  The  extraction  of  oxygen  from  oxide  of  mei-cury 
(Priestley,  Lavoisier;,  which  is  obtained  from  uiercuiy  and  the  oxygen 
of  the  atmospherP,  is  also  a  reversible  reaction  by  which  oxygen  may  be 
obtained  from  the  atmosphere.  So  also,  by  passing  dry  air  through  a 
red-hot  tube  containing  barium  oxide,  it  is  made  to  combine  with  the 
oxygen  of  the  air.  By  this  reaction  the  so-colled  barium  peroxide, 
BaOj,  is  formed  from  the  barium  oxide  BaO,  and  at  a  higher  tempe- 
rature the  former  evolves  tiie  absorberl  oxygen,  and  leaves  the  barium 
oxide  origioaliy  taken.' 


n  the  m 
nUof  tl 


e  of 


em  giu. 


flguren  which  ikrs  in  klmost  the  awne  proportion  lU  the  volnmes  of  the  guan  penetmling 
ftom  ail  through  iadio-nibher.  If  Uw  proc«u  of  dialyuB  be  repented  aa  the  aii  which 
hsa  ulreod;  pasaed  through  iDdia-iabber,  then  A  miitnre  oontaining  (IS  p.o.  bj  volDme 
□t  ai;f{HQ  is  abtaiiied.  It  may  be  thought  that  the  caUBs  of  thU  pheuomenon  is  the  nb- 
■orption  or  occlusion  (age  Chap.  11)  ol  gaaes  by  indiitrubber  and  the  evalnliou  u(  the  ga« 
diBsolrpd  in  B  TAcnam  ;  and,  indeed,  india-rubber  does  nbHoTb  ga^es,  especiiilly  lurbouic 
■uthydride.  just  as  metoli,  especially  on  an  increaie  of  temperatutu,  abiiorb  g&ses,  u  was 
mentioned  inlhe  last  chapter.  Graham  called  the  above  method  ol  the  decompoution 
of  air  atmolym, 

■  The  prepnntion  of  oxygen  by  this  method,  which  i»  due  to  Bunsen,  W  conducted  in 
k  porcelain  tube,  which  ia  placed  in  a  Btore  healed  by  charcoal,  au  that  its  ends  project 
beyond  the  stove.  Baiium  oxide  (which  may  bo  obtained  by  igniting  barium  nitrate, 
previouBly  dried)  is  placed  in  the  tube,  one  end  o(  which  is  counected  with  a  pair  u( 
bellows,  or  a  gas-holder,  for  keeping  up  a  current  of  air  through  it.  The  air  is  previOQsljr 
passed  through  a  solution  of  caustic  potash,  to  remove  all  traces  of  carbonic  anhydride, 
ftOd  it  is  very  carefully  dried  (for  the  hydrate  BaH,Oj  does  not  give  the  peroxide).  At  a 
dark-Ted  heat  (SOO-(iO<l'=)  the  oxide  of  bariom  absorbs  oxygen  from  the  air,  so  that  the  gas 
leaving  the  tube  consists  almost  entirely  of  nitrogen.  When  the  obeorption  ceases,  the  air 
will  pass  throagh  the  tube  unchanged,  which  may  be  recognised  from  the  fact  that  it  sup- 
ports combuation.  The  barium  oxide  ia  converted  into  peroxide  ander  these  circumstoiicaa, 
and  eleven  parts  of  barium  oiido  abnorh  about  one  port  of  oxygen  by  weight.  When  the 
absorption  ceases,  one  end  of  the  tube  is  oloaed,  a  cork  with  a  gas-conducting  tube  is  filed 
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Oxygen  is  evolved  with  partieulai-  ease  liy  n,  whole  aeries  of  un- 
bable  OKygeu  coinpouiids,  of  which  we  will  proceed  to  take  a  general 
mrvey,  remarking  that  many  o£  these  reactions,  although  not  all,  belong 
fto  the  number  of  reversible  reactions;*  so  that  in  order  to  ob- 
in  many  of  these  subatancea  (for  instance,  potassium  (.chlorate)  rich 
,  oxygen,  recourse  must  be  had  to  indirect  methods  (see  Intro- 
hiction),  with  which  we  Glial)  become  acquainted  in  the  course  of  this 
x>k. 

1.  Tfie  eompoutuhi  of  oa^gen  with  certain  metals,  and  et^pecially 
with  the  so-called  noble  metals — that  is,  mercury,  silver,  gold,  and 
platinum— having  been  once  obtained,  retain  their  oxygen  at  the  ordi- 
nary temperature,  but  part  with  it  at  a  red  heat.     The  compounds  are 
Ksolids,  generally  amorphous  and  infusible,  and  are  easily  decomposed  by 
fftt  into  the  metal  and  oxygen.     We  have  seen  an  example  of  this  in 
[leaking  of  the  decomposition  of  mercury  oxide.     Priestley,  in  1774, 
■  obtained  pure  oxygen  for  the  first  time  by  heating  mercury  oxide  by 
1  burning-glass,  and  clearly  showed  its  difference  from  air. 
LHe  showed  its  characteristic  pi-opeity  of  supporting  combustion   '  with 
markable  vigour,'  and  named  it  dephlogisticated  air. 

n  th<>  otli«r  end.  and  tbe  heat  of  the  stove  in  incresesd  In  a,  bright-red  heal  (BOO'').     At 

l|li«  lempeTBtUTe  tbe  bui urn  peroxide  gives  uii  all  thkt  oxygen  which  ibacquired  alnil&rlc- 

-i.fl.,  about  one  part  by  weight  a(  oxygen  is  evolvBd  troni  twelve  parts  of  barium 

Alter  the  evolation  of  the  oiyKen  there  lemains  the  liariuoi  oxide  vhich  vtM 

■•arigiiuU]rt«ken,iiothatairiiiny  be  again  passed  over  it,  ami  thus  the  preparation  oloiygeti 

^ftom  one  and  the  some  gasotity  of  barium  oxide  tDBj-  be  reiwi.t«d  many  times.    Oxygen 

"  1i*B  beeapmoared  onehuadredtlmestrom  one  moss  of  niide  by  this  method ;  atllheneceh- 

aaiy  precautioua  being  taken,  as  regards  the  temperature  of  the  ihobs  and  the  reiuoval  ol 

moiftoiB  and  carbonic  acid  Irom  the  air.    Unlets  these  precautionB  bo  taken,  the  mass 

ol  oxide  •oon  spoils. 

Aa  oxygen  may  become  of  considerable  technical  nse,  Irom  its  capacity  for  giving 
higb  (empentniea  and  intense  light  in  tlie  ouoibastion  of  auhataucea,  tta  prepoiatiou 
diieotly  from  air  by  pruclicol  methods  fonus  a  problem  whose  solutioD  many  inveeti- 
gaton  oontinne  to  vork  at  up  to  the  present  day.  The  most  practical  method  is  that  of 
"Intai  du  Motoy.  It  is  based  ou  the  tact  that  a  maaH  of  eqaal  weights  of  mangontae 
peroxida  and  oanstic  soda  at  ati  incipient  rod  heat  (about  8fi0~)  absorbs  oxygen  from  air. 
with  llie  separation  of  water.  a<:cording  to  the  equation  MnO^ -F  BNaHO  •  O  =^  Na^UnO^  . 
+  HtO.  If  sDperheated  steam,  at  a  temperature  of  about  4A0°.  be  then  passed  through 
the  mlxtora.  the  manganese  peroxide  and  caustic  soda  orgioalty  tikliea  are  regenerated,  and 
the  oxygen  held  by  tliem  is  evolved,  according  to  the  reverse  equation  Na^MnO, 
+  H]03:HnOj 'tlNaHO-i-O.  This  mode  of  preparing  oxygen  may  be  repeated  tor  an 
infliule  munbec  of  times.  The  oxygen  in  combining  separates  out  water,  and  steam. 
■BtinKontharesnlduit  tubHlance,  evolves  oxygen.  Hence  all  that  is  required  for  the 
a  of  oxygen  by  this  method  is  fuel  and  the  alternate  cutting  oft  the  supply  of 

I  tile  deeoni position  of  manganeae  peroxide  is  reversible,  and  it  may  be  te- 
From  that  suboxide  (or  its  aalta),  which  is  formed  in  the  evolution  of  oxygen 
,  note  n|.  The  eonipoond*  of  cbromie  acid  containing  liw  Irioxide  CrOj  in 
wygen  give  L^hmmitim  mide,  CCjOs.  bol  they  re-fomi  the  suit  of  chromic  acid 
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2.  Tlie  substances  called  peroxides^  evolve  oxygen  at  a  greater  or 
less  heat  (and  also  by  the  action  of  many  acids).     They  usually  contain 
metals  combined  with  a  large  quantity  of  oxygen.     Peroxides  are  the 
highest  oxides  of  certain  metals  ;  those  metals  which  form  them  gene- 
rally give  several  compounds  with  oxygen.    Those  of  the  lowest  degrees 
of  oxidation,  containing  the  least  amount  of  oxygen,  are  generally  sub- 
stances which  are  capable  of  easily  reacting  on  acids — for  instance, 
with  sulphuric  acid.     Such  low  oxides  are  called   bases.     Peroxides 
contain  more  oxygen  than  the  bases  formed  by  the  same  metals.     For 
example,  lead  oxide  contains  7*1  parts  of  oxygen  in  100  parts,  and  is 
basic,  but  lead  peroxide  contains  13*3  parts  of  oxygen  in  100  parts. 
Manganese  peroxide  is  a  similar  substance,  which  is  a  solid  of  a  dark 
colour,  and  occurs  in  nature.     It  is  employed   in  the   manufactui*es 
under  the  name  of  black  oxide  of  manganese  (in  German,  *  Braunstein,' 
the   pjrrolusite  of   the   mineralogist).     Peroxides   are   able   to  evolve 
oxygen  at  a  more  or  less  elevated  temperature.     They  do  not  then  part 
with  all  their  oxygen,  but  with  only  a  portion  of  it,  and  are  converted 
into  a  lower  oxide  or  base.    Thus,  for  example,  lead  peroxide,  on  heat- 
ing, gives  oxygen  and  lead  oxide.     The  decomposition  of  this  peroxide 
proceeds  somewhat  easily  on  heating,  even  in  a  glass  vessel,  but  manga- 
nese peroxide  only  evolves  oxygen  at  a  strong  red  heat,  and  therefore 
oxygen  can  only  be  obtained  from  it  in  iron,  or  other  metallic,  or  clay 
vessels.    This  used  to  be  the  method  for  obtaining  oxygen.    Manganese 
peroxide  only  parts  with  6ne-third  of  its  oxygen  (according  to  the 
equation  3Mn02=Mn304  +  02),  whilst  two-thirds  remain  in  the  solid 
substance  which  forms  the  residue  from  the  heating.    Metallic  peroxides 
are  also  capable  of  evolving  oxygen  on  heating  with  sulphuric  acid. 
They  then  evolve  so  much  oxygen  as  is  in  excess  of  that  necessary  for 
the  formation  of  the  base,  the  latter  reacting  on  the  sulphuric  acid 
forming  a  compound    (salt)  with   it.      Thus   barium    peroxide,   when 
heated  with  sulphuric  acid,  forms  oxygen  and  barium  oxide,  which  gives 
a  compound   with   sulphuric  acid  which  is   termed   Imrium    sulphate 
(Ba02-fH2S04  =  BaS04-»-H20H-0).     This  reaction   usually  proceeds 
with    greater   ease   than    the    decomposition   of    peroxides    by    heat 
alone.     For  the  purposes  of  experiment  powdered  manganese  peroxide  is 
usually  taken  and  mixed  with  strong  sulphuric  acid  in  a  flask,  and  the 
apparatus  set  up  as  shown  in  Fig.  28.     The  gas  which  is  evolved  is 

®  We  shall  afterwards  see  that  it  is  only  sabstaiices  like  barium  peroxide  (which 
give  hydroj^en  i>eroxide)  which  should  be  counted  as  true  peroxides,  and  that  MnO...,  PbOj, 
(fee,  should  be  distinguished  from  them  (they  do  not  give  hydrogen  peroxide  with  acids, 
but  gnve  chlorine  with  hydrochloric  acid),  and  therefore  it  is  best  to  call  them 
dioxides. 
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paBsed  through  a  Woulfe's  bottle  containing  a  solution  of  eiiustic  potnsli, 
to  purify  it  from  carbonic  anhydnde  and  chlorine,  which  accompany  the 
evolution  of  oxygen  from  commercial  manganese  peroxide,  and  the  gas  is 
cot  collected  until  a  thin  smouldering  taper  placed  la  front  of  the  escape 
orifice  bursts  into  Dame,  which  shows  that  the  gaa  coming  off  is  oxygen. 
\  By  this  method  of  decompositioa  of  the  manganese  peroxide  by  aul- 


|;>».  sa.- 

c  acid  there  is  evolved,  not,  as  in  heating,  one-third,  but  one-half 
f  of  the  oxygen  contained  in  the  peroxide  {MnOj-)-H.jSO,=MnSO,+ 
HjO  +  0)^that  IB,  from  50  grams  of  peroxide  about  "J  grams,  or 
[  about  5},  litres,  of  oxygen,'"  whilst  by  heating  only  about  3^  litres  are 
I  obtained.  The  chemists  of  Lavoisier's  time  generally  obtained  oxygen 
I  by  heating  manganese  peroxide.  Now  there  are  more  convenient 
I  methods  known. 

third  sfiurce  to  which  recourse  may  be  had  for  obtaining 
I'fHcygeu  is  represented  in  ocirfs  and  aalu  containing  much  oxygen,  and 
I  vhicfa  are  capable,  by  parting  with  a  portion  or  all  of  their  oxygen, 
i'Of  being  converted  into  other  compiiunds  (lower  pi'oducts  of  oxida- 
E  tion)  which  aie  more  difficultly  decomposed.  These  acids  and  salt« 
I  (like  peroxides)  evolve  oxygen  either  on  heating  alone,  or  when 
I  lieated  with  some  other  suliatjince.  Sulphuric  acid  may  be  taken 
I  SB  an  example  of  an  acid  which  is  decomposed  by  the  action  of  heat 
I  slone,"  for  it  breaks  up  at  a  red  heat  into  water,  sulphurous  anhydride, 

'*  BcheoIe,in  I7g£.  discoverod  the  metliDdof  nblammg  oiypiiiby  treuliug  mangnneH 
miide  with  itilphniic  acid. 

idi  rich  IB  DiyguD,  uid  egpevinlly  those  «hc)He  elements  fomi  tower  nxUvB, 
idve  oxfgen  either  directly  at  the  ordinary  temp«r&tnre  (for  iniitancH,  terric  iLciiJ),  or  on 
ir  instance,  nitric,  muiguiic,  chromic,  chloric,  iwd  others),  nt  il  basic  lower 
!    formed    from  them,  by  henting    with    lalphnrio  mid.     Thus    the    salts 
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and  oxygen,  as  was  mentioned  before.  Priestley,  in  1772,  and  Scheele, 
somewhat  later,  obtained  oxygen  by  heating  nitre  to  a  red  heat.  The 
best  examples  of  the  formation  of  oxygen  by  the  heating  of  salts  is  given 
in  potassium  chlorate^  or  Berthollet  s  salt,  so  called  after  the  French 
chemist  who  discovered  it.  Potassium  chlorate  is  a  salt  composed  of 
the  elements  potassium,  chlorine,  and  oxygen,  KCIO3.  It  occurs  as 
transparent  colourless  plates,  is  soluble  in  water,  especially  in  hot 
water,  and  resembles  common  table  salt  in  some  of  its  physical  properties; 
it  melts  on  heating,  and  in  melting  begins  to  decompose,  evolving  oxygen 
gas.  This  decomposition  ends  in  all  the  oxygen  being  evolved  from 
the  potassium  chlorate,  potassium  chloride  being  left  as  a  residue,  accoixl- 
ing  to  the  equation  KC103=KCl-|-03.^^  This  decomposition  proceeds 
at  a  temperature  which  allows  of  its  being  conducted  in  a  vessel 
made  of  glass.  However,  in  decomposing,  the  molten  potassium 
chlorate  swells  up  and  boils,  and  gradually  solidifies,  so  the  evolution  of 
the  oxygen  is  not  regular,  and  the  glass  vessel  may  crack.  In  oicler 
to  overcome  this  inconvenience,  the  potassium  chlorate  is  crushed 
and  mixed  with  a  powder  of  a  substance  which  is  incapable  of  com  - 
bining  with  the  oxygen  evolved,  and  which  is  a  good  conductor  of  heat. 
Usually  it  is  mixed  with  manganese  peroxide. ^^  The  decomposition  of 
the  potassium  chlorate  is  then  considerably  facilitated,  and  proceeds  at 
a  lower  temperature  (because  the  entire  mass  is  then  better  heated, 
both  externally  and  internally),  without  swelling  up,  and  is  therefore 
more  convenient  than  the  decomposition  of  the  salt  alone.  This 
method  for  the  preparation  of  oxygen  is  very  convenient ;  it  is  generally 
employed  when  a  small  quantity  of  oxygen  is  required.  Further,  potas- 
sium chlorate  is  easily  obtained  pure,  and  it  evolves  much  oxygen.  100 
grams  of  the  salt  give  as  much  as  39  grams,  or  30  litres,  of  oxygen. 
This  method  is  so  simple  and  easy,'*  that  a  course  of  practical  chemistry 


of  chromic  acid  (for  instance,  potassium  dichromate,  K.2Cr..07)  pive  oxygen  with 
salphuric  acid  ;  first  potassium  sulphate,  K2SO4,  is  formed,  and  then  the  chromic  acid  set 
free  gives  a  sulphuric  acid  salt  of  the  lower  oxide,  Cr.jOs. 

^*  This  reaction  is  not  reversible,  and  is  exothermal — that  is,  it  does  not  absorb  heat, 
but,  on  the  contrary,  evolves  9713  calories  per  molecular  weij^ht  KCIO5.  equal  to  122 
parts  of  salt  (according  to  the  determination  of  Thomsen,  who  burnt  hydrogen  in  a 
calorimeter  either  alone  or  with  a  definite  quantity  of  iwtassium  chlorate  mixed  with 
oxide  of  iron).  It  does  not  proceed  at  once,  but  first  forms  i)erchIorate.  KClOj  (see 
Chlorine  and  Potassium).  It  is  to  be  remarked  that  potassium  chl<iride  melts  at  73H  , 
potassium  chlorate  at  872°,  and  potassium  perchlorate  at  010  ^ 

'-*  The  i^eroxide  does  not  evolve  oxygen  in  this  case.  It  may  be  replaced  by  many  oxi  Jf  ^ 
— for  instance,  by  oxide  of  iron.  It  is  necessary  to  take  the  precaution  that  no  combustible 
substances  (such  as  bits  of  paper,  splinters,  sulphur,  <tc.)  fall  int(»  the  mixture,  as  tljoy 
might  cause  an  explosion. 

•*  The  decomposition  of  a  mixture  of  melted   and  well-crushed  i>otassiuni   ihlomte 
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is  often  commenced  by  the  preparation  of  oxygen  by  this  method,  and 
of  hydrogen  by  the  aid  of  zinc  and  sulphuric  acid,  all  the  more  as 
these  gases  enable  many  interesting  and  striking  experiments  to  be 
made.^^ 

A  solution  of  hleachitiy  pouxier,  which  contains  calcium  hypo- 
chlorite, CaCl202,  evolves  oxygen  when  gently  heated  with  the  ad- 
dition of  a  small  quantity  of  certain  oxides — for  instance,  cobalt 
oxide,  which  in  this  case  acts  by  contact  {see  Introduction).  Of 
itself,  a  solution  of  bleaching  powder  does  not  evolve  oxygen  when 
heated,  but  it  oxidises  the  cobalt  oxide  to  a  higher  degree  of  oxidation  ; 
this  higher  oxide  of  cobalt  in  contact  with  the  bleaching  powder,  decom- 
poses into  oxygen  and  lower  oxidation  products,  and  the  resultant  lower 
oxide  of  cobalt  with  bleaching  powder  again  gives  the  higher  oxide, 
which  again  gives  up  its  oxygen,  and  so  on  J®  The  calcium  hypo- 
chlorite is  here  decomposed  according  to  the  equation  CaCl202  = 
CaCl2  +  02.  In  this  nmnner  a  small  quantity  of  cobalt  oxide^^  is 
suihcient  for  the  decomposition  of  an  indefinitely  large  quantity 
of  bleaching  powder. 

with  powdered  maiif^aneBe  i^eroxide  proceeds  at  ho  low  a  temperature  (the  salt  does  not 
melt)  that  it  may  be  effected  in  an  ordinary'  glass  flask.  As  the  reaction  is  exothermal,  the 
decomposition  of  potassium  chlorate  with  the  formation  of  oxygen  may  probably  be 
acoompliBhed,  under  certain  conditions  (for  example  under  contact  action),  at  very  low 
temperatures.  Substances  mixed  with  the  potassium  chlorate  probably  act  partially  in 
this  manner. 

^^  Many  other  salts  evolve  oxygen  by  heat,  like  potassium  chlorate,  but  they  only 
part  with  it  either  at  a  very  strong  heat  (for  instance,  common  nitre)  or  else  are  un- 
Hoited  for  use  on  account  of  their  cost  (for  instance,  potassium  manganate),  or  evolve 
impure  oxygen  at  a  high  temperature  (for  instance,  zinc  sulphate  at  a  red  heat  gives 
a  mixture  of  sulphurous  anhydride  and  oxygen),  and  are  not  therefore  used  in  prac- 
tice. 

"^  Such  is,  at  present,  the   only  possible   method  of  explaining  the   phenomenon 
of  contact  action.  In  many  cases,  as  here,  it  is  supported  by  observations  based  on  facts. 
Thus,  for  instance,  it  is  known,  as  regards  oxygen,  that  often  two  substances  rich  in 
oxygen  retain  it   so  long  as  they  are   separate,  but  directly  they  come   into  contact 
free  oxygen  is  evolved  from   both  of  them.    Thus,  an  aqueous  solution  of  hydrogen 
peroxide  (containing  twice  as  much  oxygen  as  water)  acts  in  this  manner  on  silver  oxide 
(containing  silver  aiid  oxygen).     This  reaction  takes  place  at  the  ordinary  temperature, 
and  the  oxygen  is  evolved  from  both  compounds.     To  this  class  of  phenomena  may  l>e 
also  referred  the  fact  that  a  mixture  of  barium  ()eroxide  and  potassium  manganate  with 
water  and  sulphuric  acid  evolves  oxygen  at  the  ordinary  temperature.     It  would  sc^em 
that  the  essence  of  phenomena   of   this   kind   is  entirely   and   purely   a  property  of 
contact;  the  distributi<m  of  the  atoms  is  changed  by  contact,  and  if  the  equilibrium  be 
unstable  it  is  destroyed.     This  is  es(K>cially  clear  for  substances  >\hit>h  change  exotlier- 
mally — ^that  is,  for  those  reactions  which  are  accompanied  h\  an  evolution  of  heat.     The 
decomposition    CaCLO,.-(.'aCl..  ^  Oj   belongs  to  this  class  (like  tin?  decomposition  of 
potaasiam  chlorate). 

17  Oenerallya  solution  of  bhnu'hing  powder  is  alkaline  (contains  free  lime),  and,  tliere- 

VOL.    I.  M 
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The  properties  ofoxygen.^^ — It  is  a  permanent  gas — that  is,  it  can- 
not be  liquefied  by  pressure  at  the  ordinary  temperature,  and  further, 
is  only  liquefied  with  difficulty  (although  more  easily  than  hydrogen)  at 
temperatures  below — 120°,  because  this  is  its  absolute  boiling  point. 
As  its  critical  pressure  *^  is  about  50  atmospheres,  it  can  be  easily 
liquefied  under  pressures  greater  than  50  atmospheres  at  temperatures 
below  — 120°.  Pictet  obtained  liquid  oxygen  at  — 140°,  by  employing  a 
pressure  above  100  atmospheres.  According  to  Dewar,  the  density  of 
oxygen  in  a  critical  state  is  0*65  (water=l),  but  it,  like  all  other  sub- 
stances in  this  state, ^®  varies  considerably  in  density  with  a  change  of 
pressure  and  temperature,  und  therefore  many  investigators  who  made 
their  observations  under  high  pressures  give  a  greater  density,  as  much 
as  I'l.  Oxygen,  like  all  gases,  is  transparent,  and  like  the  majority  of 
gases,  colourless.  It  has  no  smell  or  taste,  which  is  evident  from  the 
fact  of  its  being  a  component  of  air.  The  weight  of  one  cubic  centi- 
metre in  grams  at  0°  and  760  mm.  pressure  is  0-0014298  gi-ams,  and  a 
litre  weighs  1'4298  grams  ;  it  is  therefore  slightly  denser  than  air. 
Its  density  in  respect  to  air=l*1056,  and  in  respect  to  hydrogen=16 
(more  exactly  15*96).^* 

fore,  a  solation  of  cobalt  chloride  is  added  directly  to  it,  by  which  means  the  oxide  of 
cobalt  required  for  the  reaction  is  formed. 

**  It  mast  be  remarked  that  in  all  the  above-cited  reactions,  the  formation  of  oxygen 
may  be  prevented  by  the  admixture  of  substances  capable  of  combining  with  it— for 
example,  charcoal,  many  carbon  (organic)  compounds,  sulphur,  phosphorus,  and  various 
lower  oxidation  products,  &c.  These  substances  absorb  the  oxygen  evolved,  combine 
with  it,  and  a  compound  containing  oxygen,  but  not  free  oxygen,  is  formed.  Thus,  if  a 
mixture  of  potassium  chlorate  and  charcoal  be  heated,  no  oxygen  is  obtained,  but 
an  explosion  takes  place  from  the  rapid  formation  of  gases  resulting  from  the  com- 
bination of  the  oxygen  of  the  potassium  chlorate  with  the  charcoal. 

The  oxygen  obtained  by  any  of  the  above-described  methods  is  rarely  pure.  It 
generally  contains  aqueous  vapour,  from  which  it  may  be  freed  by  passing  it  over  calcium 
chloride,  which  retains  the  water.  Besides  this,  the  oxygen  nearly  always  contains 
traces  of  carbonic  anhydride,  and  very  often  small  traces  of  chlorine.  The  oxygen  may 
be  freed  from  these  impurities  by  passing  it  through  a  solution  of  caustic  potash. 
This  is  done  in  Woulfe's  bottles,  as  was  described  in  the  last  chapter.  If  the  potassium 
chlorate  be  dry  and  pure,  it  gives  almost  pure  oxygen.  However,  if  the  oxygen  be 
designed  for  respiration  in  cases  of  sickness,  it  should  be  washed  by  passing  it  through  a 
solution  of  caustic  alkali  and  through  water.  Tlie  best  way  to  obtain  pure  oxygen 
directly,  is  to  take  potassium  perchlorate  (KCIO4),  which  can  be  w;ell  purified  and  then 
evolves  pure  oxygen  on  heating. 

^*  Concerning  the  absolute  boiling  point,  critical  pressure,  and  on  the  critical  state  in 
general,  see  Chap  II.  Notes  29  and  84. 

^  Judging  from  what  has  been  said  in  Note  84  of  the  last  chapter,  and  also  from  the 
results  of  direct  observation,  it  is  evident  that  all  substances  in  a  critical  state  have  a 
large  coefficient  of  expansion,  and  that  they  are  very  compressible. 

-^  As  water  consists  of  1  volume  of  oxygen  and  2  volumes  of  hydrogen,  and  contains 
16  parts  by  weight  of  oxygen  per  2  parts  by  weight  of  hydrogen,  it  tlu»refore  alrea^ly 
follows  from  this,  that  oxygen  is  16  times  denser  than  hydrogen.    Conversely,  the  com- 
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In  its  chemical  properties  oxygen  is  remarkable  from  the  fact  that 

it  very  easily — and,  in  a  chemical  sense,  vigorously — reacts  on  a  number 

of  substances,  forming  oxygen   compounds.      However,    only   a   few 

substances  and  mixtures  of  substances  (for  example,  phosphorus,  copper 

■rith  ammoniH,  decomposing  organic  matter,  aUlehyde,  pyrogallol  with 

on    alkali,    &i:.)    combine    directly    with    oxygen    at    the    ordinary 

,   temperature,  whilst  many  substances  easily  combine  with  oxygen  at  a 

,   red  heat,  and  often  this  combination  presents  a  rapid  chemical  reaction 

'  accompanied  by  the  evolution  of  a  large  quantity  of  heat.      Every 

reaction  which  lakes  place  rnpidly,  if  it  be  accompanied  by  so  great  an 

evolution  of  heat  as  to  produce  incandescence,  is  termed  eomhitstion. 

Thus  combustion  ensues  when  many  metals  are  plunged  into  chlorine, 

I   or  oxide  of  sodium  or  barium  into  carbonic  anhydride,  or  when  a  spark 

falls  on  gunpowder.     A  great  many  substances  are   combustible   in 

oxygen,  and,  owing  to  its  presence,  in  air  also.     In  order  to  start 

combustion  it  is  generally  necessary'^  that  the  combustible  substance 

t  -Bhould  be  brought  to  a  state  of  incandescence.     When  once  started — 

,  when  once  the  incandescent  portion  of  the  substance  begins  to 

L  combine  with  oxygen — then  combustion  will  proceed  uninterruptedly 

I  until  either  all  the  combustible  substance  or  all  the  oxygen  is  consumed. 

[  The  continuation  of  the    process  does  not  require    the  aJd  of  fresh 

external  heat,  because  sufficient  heat*'  is  evolved  to  raise  the  tempera- 

\  ture  of  the  remaining  parts  of  the  combustible  auhaUnce  to  the  required 


tlinn  ol  wBter  by  weight  umy  be  deduced  from  the  deni 
the  rolnmetria  com  position  of  water.    This  kind  of  n 


I  poutinn  »l  wbI 


Litiuil  and  oppoHite  c 


oiygen, 


method   which    atrenglhens   the   practjcai    data  oi    tQe   exact    Bcieni 
rec]nire.  above  al)  things,  the  grentest  poBsible  eiactitnde  tni 


It  miut  be  ohurved  that  the  speoiSc  heat  of  oxyeen  ut  noDsluit  preBsure  i«  1^3179, 

Kaomequently  it  a  to  the  specifiu  hest  ot  hydrogen  (3'4D|i)  db  1  is  to  IG-B.     Hence,  the 

P  igmaSc  huti  are  invemely  prcipurtioiuJ  1«  the  weighta  of  t<qt»il  volumua.     This  aigniflea 

r  ilut  eqosl  volamea  of  bath  gaaca  have  (nearly)  equal  apecIRc  beata—tbot  ia,  they  nsgnire 

m  equal  quantity  of  heat  for  raiaing  their  temperature  by  1".     We  shall  aftarwardB  eon- 

ider  the  specific  heat  of  diBfereDt  mbatancea  more  fully,  and  we  will  not.  therefore,  linger 

Ter  it  at  present. 

Oxygen,  like  the  majority  nl  difBculty-liqneRable  gunea.  la  1}ut  aligUtly  soluble 
In  water  and  other  liquids.  At  the  ordinary  temperature,  ino  Tolnmea  of  walec  diaaolire 
■tKHit  8  Tolnmefl  of  oxygen,  or  more  eiactly.  at  0°  <'l  vols.,  at  10°  88,  and  at  30°  311 
(maamring  the  volumes  at  the  same  temperature  aa  the  water|.  From  thia  it  ia  etident 
that  water  standing  in  air  niuat  absorb— 1*.»,,  lUaiiolve — oxygen.  Thia  oiygen  aerreH  for 
te  respiration  of  ftsbea.  Fishes  cannot  exiit  in  boiled  water,  becauae  it  does  not  contain 
"ir  their  reapimtion  |im  Chap.  I.). 
"  Certain  iubstanees  (with  which  we  shall  siterwarils  become  acquainted),  however, 
I  ot  themaelvea  in  air;  for  example,  impure  phoaphuretted  byilrogeu.  silicon, 
fdride,  linc  ethyl,  and  pyrophorua  (very  finely  Jivided  iron.  .Vo.l. 
"  I(  «0  little  be«t  is  evolved  that  the  adjacent  parts  are  not  heated  to  the  Wml^orll- 
Pikua  Af  oombuation,  then  combnation  will  ceaae. 

U  2 
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degree.  Examples  of  tliia  are  familiar  to  all  from  every-day  experience. 
Combustion  proceeds  in  oxygen  ■with  greiiter  rapidity,  and  ia  accom- 
panied l>y  a  more  powerful  incandescence,  than  in  ordinary  air.  This 
miiy  be  demonstmted  by  a  number  of  very  convincing  experiments.  If 
a  piece  of  charcoal,  attached  to  a  wire  and  previously  brought  to  red- 
heat,  lie  plunged  into  a  flask  full  of  oxygen,  it  rapidly  bums  at  a  white 
heat — i.e.,  it  combines  with  the  oxygen,  forming  a  gaseous  product  of 
combustion  called  carbonic  anhydride,  nr  carbonic  acid  gas.  This  is  the 
same  gas  that  is  evolveil  in  the  act  of  respiration,  for  charcoal  ia  one  of 
the  substances  which  is  obtaine<l  by  the  decomposition  of  all  organic 
substances  which  contain  ib,  and  in  the  process  ot  respiration  part  of  the 
constituents  of  the  body,  so  to  speak,  slowly 
bum.  If  a  piece  of  burning  sulphur  lie  laid  on 
a  small  cup  attached  to  a  wire  and  be  placed 
in  a  Hask  full  of  oxygen,  then  the  sulphur, 
which  bums  in  air  with  a  very  feeble  ilame, 
burns  in  the  oxygen  with  a  violet  flame, 
which,  although  pale,  is  much  larger  than 
in  air.  If  the  sulphur  be  exchanged  for  a 
piece  of  phosphorus,'*  then,  unless  the  phos- 
phopUB  be  heated,  it  combines  very  slowly 
with  the  oxygen  ;  but,  if  heated,  although 
on  only  one  spot,  it  burns  with  a  very  bril- 
liant white  tlame,  which  is  unbearable  to 
the  sight.  In  order  to  heat  the  phosphorus 
mple  way  is  to  bring  a  red-hot  wire  intA  con- 
tact with  it,  Before  the  charcoal  can  bum,  it  must  be  brought  to  a  state 
of  incandescence.  Sulphur  also  will  not  bum  under  100",  whilst  phos- 
phorus inflames  at  40°.  Phosphorus  which  has  been  already  lighted  in  air 
cannot  so  well  be  introduced  into  the  flask,  because  it  burns  very  rapidly 
and  with  a  large  flame  in  air.  If  a  small  lump  of  metallic  wdiuiii  be  put 
in  a  small  cup  made  of  lime,'''  melted,  and  inflamed,'*  then  it  bums  very 
feebly  in  air.     But  if   burning  sodium  be  immersed  in  oxygen,  the 


inside  the  flask,  the  most  s: 


"  The  phoBphorus  nmat  be  dry ;  it  is  n»uttlly  kepi 
Bhouldbe  cut  undei  nter.aB  othtTwise  the  treshly-ci 
carefally  niid  qaickly  by  wrapping  it  in  blotting-pBp« 
A  inaiil  piece  sboald  be  taken,  ui  otlierwiu  the  iron 
Other  eiperiments  □□  oombtiiition,  water  should  be  |h 
eontuuing  the  oxygen,  to  prevent  it  from  cnuking.  T 
flt  tightly,  otlieniius  it  nuy  fly  off  with  the  apoon  ei 
eipniuioti  doe  to  the  beat  of  the  combnution. 

*^  An  iron  cup  mill  melt  with  eodinm  in  oxygen. 

"  Id  order  to  rapidly  beat  tile  lime  crucible  witli 
fltmc  of  H  blow-pipe  deiicribed  in  Chup.  VIII. 


iiidieea  i 


It 


>iMi»B.  It  must  be  dried 
p,  it  aplulterBin  burning. 
I  melt.  In  thi>  nnd  the 
the  bottom  of  the  veiiael 
aing  the  vesnel  should  not 
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•pring  [uoxygeii' 


combustion  is  iuvigonited  and  is  accompanied  by  a  brighter  yellow 
flame.  Metallic  intiffii^nium,  which  burns  brightly  in  air,  continues  to 
bum  with  still  greater  vigour  jn  oxygen,  forming  a  white  powder, 
which  ia  a  compound  of  magnesium  with  oxygen  (magnesium  oxide  ; 
magnesia).  A  strip  of  iron  or  steel  docs  not 
bum  in  air,  but  an  iron  wire  or  steel  spring 
may  be  easily  bumt  in  oxygen.  A  much 
larger  piece  of  iron  might  naturally  be  bunit 
if  it  only  were  convenient  to  heat  it  to  the 
required  degree. '^  The  combustion  of  steel 
or  iron  in  oxygen  is  not  accompanied  by  a 
flame,  but  sparks  of  oxide  fly  in  all  directions 

H^'from  the  burning  portions  of  the  iron.'" 

^H        In  order  to  demonstrate  by  experiment    ; 

^Bitlecojiifidafiow  of  hydrogen  in  oxygen,  agas- 

^BiConducting  tube,  bent  so  us  to  fomi  a.  con- 

^Bvenient  jet,  is  led  fi-om  the  vessel  evolving 

jHAydrogen.     The  hyilrogen   is  first  set  light 

11    'to  in  air,  and  then  the  gas- conducting  tube  is  let  down  into  a  flask 

containing  oxygen.      The   combustion  in  oxygen   will  be  similar  to 

that  in  air  ;  the  flame  remains  pale,  notwithstanding  tlie  fact  that  its 

temperature  rises  considerably.     It  is  instructive  t«  remark  that  oxygen 

Kpn&y   bum    in    hydrogen,  just    as    hydrogen    in    o\ygen.      In   order 

|lo  show  the  combustion  of  oxygen  in  hydrogen,  a  tube  bent  vertically 

■arda  and  ending  in  a  fine  orifice  is  attached  to  the  stop-cock  of  a 

i>  holder  full  of  oxygen.     Two  wires,  placed  at  such  a  distance  from 

"  In  order  to  bum  a  watch  spring,  ii  piaca  o(  tindet  (or  p*per  wmkiid  in  it  Bolntion  ol 
nitre,  tad  driedl  ii  s.ttiich«l  to  ona  end.  The  tinder  is  lit;bted,  lUid  ths  opriug  is  tlien 
[ilonged  into  the  oxjgea.  Tha  baming  tinder  hunts  tbe  end  of  the  Bpriug,  the  banted 
pan  bnm>,  nad  in  so  doing  heats  the  farther  portions  oF  tbe  Bpring,  whivh  tbna  antireljr 
bumd  if  ennagh  oxygen  in  present. 

"  Tlie  apnrka  of  met  txe  prodm>ed  by  reawin  of  the  volume  of  the  oiide  uf  iron  being 
neatly  twice  that  of  the  volume  of  tha  iron,  uid  ita  (be  heat  efolvediBnot  anflieient  lo  an. 
tirelymalt  the  oxide  or  the  iron,  tha  pwtidea  muBt  he  torn  of!  and  fly  aboat.  Similar 
eparki  arc  formed  in  Iha  eombnation  of  iron,  in  other  cases  also.  WoB»«  tbe  com  bastion 
of  iron  filings  in  the  Introduction.  In  the  welding  ol  iron  Biaall  iron  iiplintKrslly  off  in  all 
directions  aod  bnm  in  the  air,  a«  in  aeen  from  the  fact  that  whilit  ttying  Ibrough  the  air 
tbey  reniBin  red  hot,  and  also  becaoie,  on  cooling,  they  ore  seen  to  be  do  longer  iron,  hut 
a,  cotnpoand  ol  it  with  oxygen.  The  same  thing  loliea  place  n-bea  the  hammer  of  a  gun 
■trikea  againat  the  flint.  Small  acalea  of  ateel  are  healed  by  the  friction,  and  glow  and 
hum  in  Oie  aii.  The  combuatioo  of  iron  i»  atill  belter  seen  by  taking  it  as  a  lery  line 
powder,  aucb  aa  ia  obtained  by  the  decompoaition  of  certain  of  its  compound* — for 
inatanoe.  by  heatiug  Pruaaian  blue,  or  by  the  reduction  of  ita  compouuda  with  oiygen  by 
hydrogen :  wbeD  tliia  fine  powder  is  strewn  in  air,  it  butna  by  itself,  even  without  being 
previotialy  heated  tit  fonun  a  pyrophorua).  TluB  obvionaly  dependa  on  tha  (act  that  the 
powder  of  iron  preaunta  a  larger  anrface  of  eoulact  with  air  than  an  eqoal  weight  in  u 
compact  (ono. 
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t«iieh  other  as  to  allow  the  passage  of  a  constant  series  of  sparks  from  a 
lUihmkorfTs  coil,  are  fixed  in  front  of  the  orifice  of  the  tube.  This  is 
in  onier  to  ignite  the  oxygen,  which  may  also  be  done  by  attach- 
ing tinder  round  the  orifice,  and  burning  it.  When  the  wires  are 
Arrangtxl  about  the  orifice  of  the  tube,  and  a  series  of  sparks  passes 
lH»twiHMi  them,  then  an  inverted  (because  of  the  lightness  of  the  hydro- 
^*n)  jar  full  of  hydrogen  is  placed  over  the  gas-conducting  tube. 
NN'luMi  the  jar  covers  the  orifice  of  the  gas-conducting  tube  (and  not 
U^forts  as  otherwise  an  explosion  might  take  place)  the  cock  of  the  gaso- 
moter  is  opened,  and  the  oxygen  flows  into  the  hydrogen  and  is  set  light 
to  by  the  sparks.  The  flame  obtained  is  similar  to  that  formed  by  the 
combustion  of  hydrogen  in  oxygen.^^  From  this  it  is  evident  that  the 
flame  is  the  locality  where  the  oxygen  combines  with  the  hydrogen, 
thei-efore  a  flame  of  burning  oxygen  can  be  obtained  as  well  as  a  flame 
of  burning  hydrogen. 

.  If,  instead  of  hydrogen,  any  other  combustible  gas  be  taken — for 
example,  ordinary  coal  gas — then  the  phenomenon  of  combustion  will 
l>e  exactly  the  same,  only  a  bright  flame  will  be  obtained,  and  the 
products  of  combustion  will  be  diflferent.  However,  as  lighting  gas 
contains  a  considerable  amount  of  free  and  combined  hydrogen,  it  will 
also  form  a  considerable  quantity  of  water  in  its  combustion. 

If  hydrogen  be  mixed  with  oxygen  in  the  proportion  in  which  they 
form  water — i.e.,  if  two  volumes  of  hydrogen  be  taken  for  each 
volume  of  oxygen  —then  the  mixture  will  be  the  same  as  that  obtained 
by  the  decomposition  of  water  by  a  galvanic  current — detonating 
gas. 

We  have  already  mentioned  in  the  last  chapter  that  the  combination 
of  these  gases,  or  their  explosion,  may  be  brought  about  by  the  action  of 

^  The  experiment  may  be  conducted  without  the  wires,  if  the  hydrogen  be  lighted  in 
the  orifice  of  a  cylinder,  and  at  the  same  time  the  cylinder  be  brought  over  the  end  of  a 
gaH-conducting  tube  connected  with  a  gas  holder  containing  oxygen.  Thomsen's  method 
may  be  adopted  for  a  lecture  experiment.  Two  glass  tubes,  with  platinum  ends,  are 
passed  through  orifices,  about  1-1^  centimetres  apart,  in  a  cork.  One  tube  is  connected 
with  a  gas-holder  containing  oxygen,  and  the  other  with  a  gas-holder  full  of  hydrogen. 
Having  turned  on  the  gases,  the  hydrogen  is  lighted,  and  a  common  lamp  glass,  tapering 
towards  the  top,  is  placed  over  the  cork.  The  hydrogen  continues  to  burn  inside  the 
lamp  glass,  at  the  expense  of  the  oxygen.  If  the  current  of  oxygen  be  then  little  by  little 
decreased,  a  point  is  reached  when,  owing  to  the  insufficient  supply  of  oxygen,  the  flame 
of  the  hydrogen  increases  in  size,  disappears  for  several  moments,  and  then  reappears  at 
the  tube  supplying  the  oxygen.  If  the  flow  of  oxygen  be  again  increased,  the  flame  re- 
appears at  the  hydrogen  tube.  Thus  the  flame  may  be  made  to  appear  at  one  or  the 
other  tube  at  will,  only  the  increase  or  decrease  of  the  current  of  gas  must  be  by 
degrees  and  not  suddenly.  Further,  air  may  be  taken  instead  of  oxygen,  and  ordinary 
coal-gas  instead  of  hydrogen,  and  it  will  then  be  shown  how  air  burns  in  an  atmosphere 
of  coal-gas,  and  it  can  easily  be  proved  that  the  lamp  glass  is  full  of  a  gas  combustible 
in  air,  because  it  may  be  lighted  at  the  top. 
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an  electric  spark,  beoausR  tlie  spark  heatfi  the  space  through  which  it 
passes,  and  acts  cimsequently  in  a  manner  similar  to  ignitiim  by  means 
of  contact  with  an  in  candescent  cr  burning  substance.  In  fact,  instead 
of  a  spark  a  line  wirL>  simply 
may  \>e  taken,  and  an  elec- 
tric current  passed  through 
it  to  briog  it  to  a  state  of 
incandescence  ;  in  this  case 
there  will  be  no  sparks,  but. 
the  gases  will  infljime  if  the 
wire  be  fine  enough  to  be- 
ooroe  re*!  hot  by  the  passage 
of  the  current.  Cavendish 
made  this  experiment  on  the 
ignition  of  detonating  gas, 
si  the  end  of  the  ln»t  cen- 
tuiy,  in  the  apparatus  shown 
in  fig.  31.  Ignition  by  the 
aid  of  the  electric  spark  is 
oonvenient,  for  the  reason 
that  it  may  then  Ire  brought 
ftbout  in  a  closed  vessel, 
Knd  hence  chemists  still  em- 
ploy this  method  when  it  is 
nquired  to  ignite  a  mixture 
of  oxygen  with  a  combus- 
tible gas  in  a  closed  vessel. 
'For  this  purpose  they  now, 
flspecially  since  Bunsen's 
time,^"  employ  an  eiuiiotneler. 

It  consists  of  a  thick  glass  tulie  graduated  along  its  length  in  raiUi- 
tnetres  {for  indicating  the  height  of  the  mercury  column),  and 
icalibrated  for  a  definite  volume  (weight  of  mercury).  Two  plati- 
num wires  are  fuseit  into  the  upper  closed  end  of  the  tube,  as 
'■bowit  in  fig.  3:J.  They  must  be  hermetically  sealetl  into  the  tube, 
BO  that   there    be  no   aperture   left   between   them   and  the  glass." 

^  Ndw,  k  luteal  iiiuii)'  utUer  rjilfurent  fomm  ot  npparatus,  eoniotimcB  doBigncd  for 
^ieei>l  purikwefi,  are  employed  in  thu  lalwntorjr  tai  the  mrestigatioa  at  guieii.  Detailed 
dSMSiiptian*  ol  the  mi>[hDds  ot  gaa  KtmlfBis,  and  of  the  upparatiu  eiaployud,  muBl  tw 
Igoked  toi  in  ttorku  oii  anoJytiral  and  applied  chenuBtrj. 

ir  to  test  thi»,  tlie  eudiometer  is  QUihI  with  mBreuTy,  and  ita  opou  end 

mercury.      II  lliere  be  the  «nuiUeat  orifice  at  the  viren,  the  external  air  will 

«  into  Iha  cyliuder  and  the  mercury  will  Fall,  altUoogh  not  rapidly  it  the  orifioc 


Intn  it.  ^K  alt  <■  Brit  pninivl  out  ot  ildi  VfoaL  to 
that  wbcn  [lie  atoiKBck  c  la  a^irliiil,  II  bMonn  IIIJcil 
wltli  ilntaaiaing  gu.  Tha  tlop  rktIi  is  then  nselnanl. 
and  ll'v  expLoaloii  pmduool  by  ni^LbB  gf  a  apark  fmm 

■cop-cock  [i  Again  ojiennt^  ntiH  tlio  water  rivfl  Itito  lliu 
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By  the  aid  of  the  eudiometer  we  may  not  only  determine  the  volu- 
metric composition  of  water, ^*  and  the  quantitative  contents  of  oxygen 


-  i 


3^  The  eudiometer  is  used  for  determining  the  composition  of  combustible 
gases.  A  detailed  account  of  gas  analysis  would  be  out  of  place  in  this  work 
{see  Note  30),  but,  as  an  example,  we  will  give  a  short  description  of  the  deter- 
mination of  the  composition  of  water  by  the  eudiometer. 

Pure  and  dry  oxygen  is  first  introduced  into  the  eudiometer.    When  the 
i^l       eudiometer  and  the  gas  in  it  acquire  the  temperature  of  the   surrounding 
atmosphere — which  is  recognised  by  the  fact  of  the  meniscus  of  the  mercury 
not  altering  its  position  during  a  long  period  of  time — then  the  heights  at 
which  the  mercury  stands  in  the  eudiometer  and  in  the  bath  are  observed. 
The  difference  (in  millimetres)  gives  the  height  of  the  column  of  mercury  in 
the  eudiometer.    It  must  be  reduced  to  the  height  at  which  the  mercury 
would  stand  at  0^  and  deducted  from  the  atmospheric  pressure,  in  order  to 
find  the  pressure  under  which  the  oxygen  is  measured  {see  Chap.  I.  Note  29). 
The  height  of  the  mercury  also  shows  the  volume  of  the  oxygen.     The  tem- 
perature of  the  surrounding  atmosphere  and  the  height  of  the  barometric 
column  must  also  be  observed,  in  order  to  know  the  temperature  of  the  oxy- 
gen and  the  atmospheric  pressure.    When  the  volume  of  the  oxygen  has  been 
measured,  pure  and  dry  hydrogen  is  introduced  into  the  eudiometer,  and  the 
volume  of  the  gases  in  the  eudiometer  again  measured.      They  are  then  ex- 
ploded.    This  is  done  by  a  Leyden  jar,  whose  outer  coating  is  connected  by 
a  chain  with  one  wire,  so  that  a  spark  passes  w^hen  the  other  wire,  fused  into 
the  eudiometer,  is  touched  by  the  terminal  of  the  jar.   Or  else  an  electrophorus 
^        is  used,  or,  better  still,  a  Ruhmkorff's  coil,  which  has  the  advantage  of  work- 
[I  1      ing  equally  well  in  damp  or  dry  air,  whilst  a  Leyden  jar  or  electrical  machine 
does  not  act  in  damp  weather.     Further,  it  is  necessary  to  close  the  lower 
orifice  of  the  eudiometer  before  the  explosion  (for  this  purpose  the  eudio- 
meter, which  is  fixed  in  a  stand,  is  firmly  pressed  down  from  above  on  to  a  piece 
of  india-rubber  placed  at  the  bottom  of  the  bath),  as  otherwise  the  mercury 
and  gas  would  be  thrown  from  the  apparatus  by  the  explosion.      It  must 
also  be  remarked  that  to  ensure  complete  combustion  the  proportion  between 
the  volumes  of  oxygen  and  hydrogen  must  not  exceed  twelve  volumes  of 
hydrogen  to  one   volume  of  oxygen,  or  fifteen  volumes  of  oxygen  to  one 
volume  of  hydrogen,  because  no  explosion  will  take  place  if  one  of  the  gasen 
be  in  great  excess.     It  is  best  to  take  a  mixture  of  one  volume  of  hydrogen 
with  several  volumes  of  oxygen.    The  combustion  will  then  be  complete.    It  is 
Fic.  32.—  evident  that  water  is  formed,  and  that  the  volume  (or  tension)  is  diminished, 
Eufliometer.  ^q  that  on  opening  the  end  of  the  eudiometer  the  mercury  will  rise  in  it. 
But  the  tension  of  the  aqueous  vapour  is  now  added  to  the  tension  of  the 
gas  remaining  after  the  explosion.     This  must  be  taken  into  account  (Chap.  I.  Note  1). 
If  there  remain  but  little  gas,  the  water  which  is  formed  will  be  sufficient  for  its  satura- 
tion with  aqueous  vapour.     This  may  be  learnt  from  the  fact  that  drops  of  water  are 
visible  on  the  sides  of  the  eudiometer  after  the  mercury  has  risen  in  it.    If  there  be  none, 
a  certain  quantity  of  water  must  be  introduced  into  the  eudiometer.     Then  the  nunil)er 
of  millimetres  expressing  the  pressure  of  the  vapour  corresponding  with  the  tempera- 
ture of  the  experiment  must  be  subtracted  from  the  atmospheric  pressure  at  wliicli  the 
remaining  gas  is  measured,  otherwise  the  result  will  be  inaccurate. 

This  is  essentially  the  method  of  the  determination  of  the  composition  of  water  whicli 
was  made  for  the  first  time  by  Gay-Lussac^  and  Humboldt  with  sufficient  accural  y. 
Their  determinations  led  them  to  the  conclusion  that  water  consists  of  two  volumes  of 
hydrogen  and  one  volume  of  oxygen.  Every  time  they  took  a  greater  quantity  of  oxygen, 
the  gas  remaining  after  the  explosion  was  oxygen.  When  they  took  an  excess  of  liydro- 
gen,  tlie  remaining  gas  was  hydrogen  ;  and  when  the  oxygen  and  hydrogen  were  taken  in 
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in  air,^^  but  also  make  a  number  of  experiments  explaining  the 
phenomenon  of  combustion. 

Thus,  for  example,  it  may  be  demonstrated,  by  the  aid  of  the 
•eudiometer,  that  for  the  ignition  of  detonating  gas  a  cU^Jinite  temperature 
is  required.  If  the  temperature  be  below  that  required,  combination 
will  not  take  place,  but  if  at  any  spot  within  the  tube  it  rises  to  the 
temperature  of  inflammation,  then  combination  will  ensue  at  that  spot, 
And  evolve  enough  heat  for  the  ignition  of  the  adjacent  portions  of  the 
detonating  mixture.  If  to  1  volume  of  detonating  gas  there  be  added 
10  volumes  of  oxygen,  or  4  volumes  of  hydrogen,  or  3  volumes  of 
•carbonic  anhydride,  then  we  shall  not  obtain  an  explosion  by  passing 
a  spark  through  the  diluted  mixture.  This  depends  on  the  fact  that 
the  temperature  falls  with  the  dilution  of  the  detonating  gas  by  another 
gas,  because  the  heat  evolved  by  the  combination  of  the  small  quantity 
of  hydrogen  and  oxygen  brought  to  incandescence  by  the  spark  is  not 
only  transmitted  to  the  water  proceeding  from  the  combination,  but 
also  to  the  foreign  substance  mixed  with  the  detonating  gas.^^  The 
necessity  of  a  definite  temperature  for  the  ignition  of  detonating  gas  is 
also  seen  from  the  fact  that  pure  detonating  gas  explodes  in  the  presence 
of  a  red-hot  iron  wire,  or  of  charcoal  so  feebly  incandescent  as  to  be 
bardly  distinguishable  by  day  light,  but  with  a  lower  degree  of  in- 
candescence  there  is  not  any  explosion.  .  It  may  also  be  brought  about 
by  rapid  compression,  when,  as  is  known,  heat  is  evolved.^'^  Experi- 
ments made  in  the  eudiometer  showed  that  the  ignition  of  detonating 
g^  takes  place  at  a  temperature  between  450°  and  500®.^^ 

exactly  the  above  proportion  neither  one  nor  the  other  remained.  The  composition  of 
water  was  thu8  definitely  confirmed. 

^  Concerning  this  application  of  the  eudiometer,  Bee  the  chapter  on  nitrogen. 

'•  Thus  \  volume  of  carbonic  oxide,  an  equal  volume  of  marsh  gas,  two  volumes  of 
hydrogen  chloride  or  of  ammonia,  and  six  volumes  of  nitrogen  or  twelve  volumes  of  air 
added  to  one  volume  of  detonating  gas,  prevent  its  explosion. 

•^  If  the  compression  be  brought  about  slowly,  so  that  the  heat  evolved  succeeds  in 
passing  to  the  surrounding  space,  then  the  combmation  of  the  oxygen  and  hydrogen  does 
not  take  place,  even  when  the  mixture  is  compressed  by  150  times  ;  for  the  gases  are  not 
heated.  If  paper  soaked  with  a  solution  of  platinum  (in  aqua  regia)  and  sal  ammoniac 
be  burnt,  then  the  ash  obtained  contains  very  finely-divided  platinum,  and  in  this  form 
it  is  best  fitted  for  setting  light  to  hydrogen  and  detonating  gas.  Platinum  wire  requires 
to  be  heated,  but  platinum  in  so  finely  divided  a  state  as  it  occurs  in  this  ash  inflames 
hydrogen,  even  at  —  20^  Many  other  metals,  such  as  palladium,  iridium,  and  gold,  act 
with  a  slight  rise  of  tem{>erature,  like  platinum  ;  charcoal,  like  the  majority  of  finely 
divided  substances,  inflames  detonating  gas  at  850^,  but  mercury,  at  its  boiling  point, 
does  not  inflame  detonating  gas.  All  data  of  this  kind  show  that  the  explosion  of 
detonating  gas  presents  one  of  the  many  cases  of  contact  phenomena. 

**  From  the  very  beginning  of  the  diffusion  of  the  idea  of  dissociation,  it  might  have 
been  imagined  that  reversible  reactions  of  combination  (the  formation  of  H.^  and  O 
belongs  to  this  number)  start  at  the  same  temi^erature  as  that  at  which  dissociation 
begins.     And  so  it  is  in  many  cases,  but  not  always,  as  may  be  seen  from  the  facts  (1)  that 
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Tlie  combination  of  hydrogen  with  oxyj^eii  is  accompanied  by  the 
evolution  of  a  very  considerable  amount  of  heiit  ;  according  to 
the  tie  terminations  of  Favre  and  Silbermann,*''  1  pirt  by  weight  of 
hydrogen  in  forming  water  evolves  31462  units  of  heat.  Mftny  of  tlie 
most  recent  determinations  are  very  near  this  figure,  so  that  it  may  be 
taken  that  iu  the  formation  of  Iti  pirts  of  water  (H^O)  thei-e  are 
evolved  69  major  calories,  or  69000  units  of  heat.*"     If  the  gpeci/ic  lifat 

at  450-600^,  wh4>B  i]«tonaCi»^  ^ab  [ii|t]odtia.  tlie  duiiHity  of  aqueoQB  VKpour  not  ouly 
does  not  var)'  (lUid  it  hardly  varies  at  higlier  tempemlurim,  jiTabably  becaUEiethe  umouiiC 
of  the  products  of  diasMiatJOQ  is  email  I.  but  them  are  Dot.  ■«  tm  as  is  yet  known,  uiy 
;  (fi)  tliBt  onder  the  influence  of  contact  the  temperature  at  which 
MmbiOBtion  takes  place  falls  even  to  the  ordiuary  temperature,  ivhen  water  and  similar 
mmpaunde  naturally  iire  not  disgooiBted  and,  iudying  from  the  data  comtuunicatod  by 
D.  P.  Koiiovatofl  {Introduction,  Mote  VSj  and  others,  it  is  iaipoBsible  to  escape  the  phe- 
nomena of  contact ;  all  veiueU,  whether  of  metal  or  glasa,  «ho»  the  xume  iiiflaeace  aa 
tpongy  platinum  although  to  a  much  less  degree.  The  plieuomena  of  contact,  judging 
from  the  mau  of  the  data  referring  to  it,  iDust  be  espeeUlJy  neusitire  in  rsoctions  vhieh 
are  poweitfullj  exothennnl,  and  the  explosion  of  detonating  gas  is  of  this  kind. 

"'  Tbe  amount  of  beat  evolvei]  to  the  coinbnsbian  uf  a  known  weight  (for  mstanoe,  I 

grnm)  of  a  given  subotance  is  determined  by  the  rise  in  temperatore  of  water,  la  which 

the  whole  of  the  heat  evolved  in  the  combastiou  is  transmitted.     A  ealorimftpr,  for 

exBuiphi,  that  rfinwn  in  fig.  88,  is  employed  (or  tbie  purpose.    It  conaista  of  a  thin  (in 

order  that  it  may  absorb  leas  heat),  pohshed  (that  it  should  transmit  a  minimom  of  heat) 

melallicTe«sel,«urroundBdbydown(cl,  orsome  other  bad  oonduotor  of  heat,  and  an  outer 

RietallitT  veciiel.     This  iinecesaary  in  order  that  the  least  posiible  amoQnt  of  heat  ohonld 

ho  lost  from  thf  vi'shpU  ;  nevertheless,  there  is  always  a  certain  losih  whose  magnitude 

is  tletermined  by  preliminary  experiment  (by  taking 

^^^^^^  warm  water,  and  determining  its  fall  in  temperature 

after  a  definite  period  of  time)  aa  a  correction  for  the 

results  of  observations.      The  water  to  which  the  heat 

ling  subataoce   is  transmitted   is  pour»i 

mto  tbe  vessel.     The  stirrer  g  sJlows  of  all  the  Uyers 

•>f  water  beiug  bronght  to  an  equal  temperature,  and 

the  thermometer  serves  for  the  detemiiiutlon  ol  the 

temperature  of  the  val«r.    The  heat  evolved  passes, 

naturally,  not  to  the  water  only,  but  to  all  the  puts  of 

the  apparatas.    The  quantity  of  water  correiponding 

witli  llie  whole  amount  of  those  objects  (the  vessels. 

tnbes.  lEc.)  to  which  the  heat  is  tmnamitted  is  pre- 

viiinaly  deleraiined,  and  in  this  manner  another  most 

I  made  in  the  oaiarimetiio  deter- 

■uiiiations.    The  combuBtion  itself  is  carried  on  in  the 

vessel  II.   The  ignited  snbstance  is  introduced  through 

tim  tube  at  the  top,  whicli  closes  tightly.     In  &g.  I>t> 

the  apparatus  is  arranged  for  the  combustiou  ol  a  gas, 

introduced  by  a  tube,     The  oxygen  required  for  tha 

vumlnistioii  is  led  into  ii  by  the  tube  e,  and  the  pro- 

i>-  ducts  p(  cumbnslion  either  remain  in  tbe  vessel  a  (if 

liquid  urnolid),  ur  escaiie  by  the  tube /into  sn  appan- 

■  tua  in  which  their  quantity  and  projierLies  can  easily 

be  datermined.    Thus  the  boat  ewlved  m  Hiuibnation  passes  to  the  walls  of  the  vessel «, ' 

and  to  the  gaws  whifh  are  formed  in  it,  and   these  transmit  it  to  the  water  of  the 

calorimeter. 

"  Tliia  quantity  of  heatcorreqionds with  the  formation  of  liijnid  water  at  the  ordinary 
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faqueout  vn/iour  (0-4P)  reinaxnrd  eomtant/rom  the  ordinary  temjiera- 
■e  to  Uinl  at  which  thf.  comfmttion  of  detmuiting  gat  takes  jAace   (but 

mpemtaK  ttom  detouatiiig  gits  itt  the  uuue  tein[ier>tuni.     It  th«  water  be  bb  Tspaui 

e  be«t  evolved  =  Sh  luiijoi  cftlorisii;  it  lu  ice>7n'4  major  culorwe,     A  poitiou  of  thig 

is  due  to  llie  Iiwt  tliat  I  rol.  ut  hjdingen  and  ^  vol.  of  uijgen  giT«  1  vol.  ol  aqoeoDa 

jitpoDr-^that  ia  la  wy.contriwtiiui  enimeB— mid  tliis  evoiTuB  lieiit.   ThiRqiuDtityof  lient 

y  be  oilcniHted,  but  it  cannot  bo  guid  how  mnch  is  eipendud  in  the  teiuing  apart  ol 

il  oxygen  Irom  encb  olher.  and  tlieretore.  atnutJ;  speaking,  we  do  not  Imow 

4  quantity  of  heat  which  ia  etulrud  in  the  uombinatiun  of  hjdcogeu  with  oifgen ; 

'  Dailb  the  nnnibvr  of  umla  ol  heal  evolTed  in  the  uonibuBtiuii  of  iletonatiiig  gis  ia 

eonratvty  known. 

~  cliou  of  the  calorinieter  and  tiveu  the  metbi-d  ot  determination  tbtj 

uiderably  in  dilteieut  caaei,    Th»  groateit  number  ol  caloriuietric  deWnninatione  wen 

le  by  Berthelot  end  Tboiuii«n.    They  are  given  in  their  worka  £1101  dr  viicanique 

JUnu^ue  fanrirt  mr  la  tlieniwchimie,  by  M,  Baclbelot,  18711  (B  vols,),  and  thermo- 

^      rmfhuKjrn,  by  J.  Thomsen,  IBM  {i  vols.).    The  stndent  innst  retar  to 

ksoutbeoretickl  and  physical  chetniati?  lor  a  dusoription  of  the  elements  and  methods 

il  thrrmochrmiiirj/,  into  the  detaila  ol  which  it  is  imposaible  to  enter  in  this  work,  all 

u  because,  as  has  been  shown  of  lal«,  both  the  theoretical  aide  of  this  sobject 

ts  practioal  metbods  are  etill  in  an  elementary  slate  of  development,  and  must  be 

ibjeoted  to  imprareiuent  in  nmny  aspects  before  thermochemicol  Btady  can  be  of  that 

i«  utility  to  cbemical  mechanics  which  was  etpoded  from  it  at  the  time  ot  the 

f  the  first  researchea  in  its  [icoTinc«.     One  o(  the  origiaaMrH  of  thenno- 

B  a  member  of  the  St.  Petersbarg  Academy  of  ScienoeB,  Hess.     Binee  1870 

a  masB  ol  researeheB  have  appoacud  in  this  province  of  chemistry,  espetiaUy  in  Prancn 

and  Oeimany,  alter  tlie  leading  works  ol  the  French  Academician,  Berthelot,  and  the 

Copenhagen  profesmr.  Thorn  sen.  Among  RoBsians.  BekeUjft,  Lnginin.  ChellzofF,  Chroual- 

V' ehnff,  and  othem  are  known  by  their  thenno-ehemicsi  researches.    The  preseat  epoch  o( 

^Plfcaniiflcheraialry,  in  the  absence  ol  a  ateadlaat  tonDdation  (and  Ibe  principle  of  maiimmn 

K     fliA  material  ol  facta  is  amaaaed,and  the  first  conseqaences  arising  from  tbem  sre  noticed. 
In  mf  opinion  three  essential  drcomstances  ptBvent  the  possibility  ol  eitractiu);  any 
enact  cun  sequences,  ot  imiurtance  to  chemical  mechanics,  tram  the  amaesefl  and  already 
immense  store  ot  thenuDchemical  data ;  (1)  The  majority  ot  the  determinations  are  can- 
ducted  in  weak  aijUwiDa  solntions.  and.  the  heat  ol  solution  being  known,  are  referred  to 
Die  Bubstaiices  in  solution  ;  yet  there  is  mncb  (Chap.  I.)  which  toroes  one  lo  conaider  that 
in  solution  water  iloeK  not   play  the  simple  part  ol  a  diluting  msdinm.  but  ol  itaell 
ucts  independently  in  a  cliemical  sense  on  the  eubttaiioe  ditsuived.  (3)  The  other  chief 
portion  ot  themiochemiual  determination  b  is  conducted  by  Ibe  ignition  of  substance* 
^■^liigfa  temperatures,  and  aa  yet  we  do  not  know  the  KpeciHc  beat  ol  many  snbatauceB 
^■ijtt  Ibeaa  teraperatures,     (.1)  Physical  and  niecliauical  changes  (decrease  at  volume,  dittn- 
^^Bm,  and  othece)  inevitably  pruiwed  side  by  aide  with  chemical  changes,  and  (or  the  pre- 
^Hfat  it  ia  impossible,  in  a  nunt1>er  ot  cases,  to  distingnish  the  thermal  eflecl  ol  the  one 
B^tnd  Ibe  Other  kind  utcliaiige.    It  is  evident  that  the  one  kind  o(  change  (chemical  j  is  essen- 
tially inseparable  and  incomprelieuaible  without  the  other  (mechanical  and  pbyuiulj:  and 
therelore  it  seems  to  me  that  tbermocbemical  data  will  only  acquire  tbeir  true  niesuing 
when  the  connection  between  the  phenomena  ot  both  kinds  (on  the  one  hand  chemical 
iLud  atomic,  and  on  the  otiiet  band  mechanical  and  molecular  or  between  entire  inasaesr 
ia   eiplained   more  clearly  and   tnlly   tluiu   ia   the  case  at  present.    As   there  is  no 
donbt  that  the  simple  mechanical  contact,  or  the  action  of  heat  alone,  on  substdDcen  some- 
times tvU4cs  an  evitlent  and  always  a  latent  (incipient)  chemical  change — liiat   is,  a 
dlBerent  distribution  or  movement  of  the  atoms  in  the  molecules — it  foUows  tlwt  purely 
chemiral  phenomena  are  inseparable  from  iihysical  and  muchaoical  ]>henoruetiB.    This  is 
because  the  atomic  relatiuiu  (ormiug  the  essence  of  the  chemical  relations  of  a  substance 
an  not  olservahle,  and  at  present  ore  incomprchensihle.withoot  the  molecular  relations 
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Tbe  eomtiinAtma  ot  h_vdr»geQ  with  uzygen  is  acc<>inpanie<l  liv  the 
trrnlanfia  oi  s  very  i-onsiderable  amoant  of  heat  :  acconling  to 
the  'if^tennmittmis  ol'  Faer*.  and  Silb'-rmanti,''  1  part  by  weight  of 
hy<iro([«it  m  f'jrming  wat«r  evolves  3IJ62  onits  of  heat.  Mftny  of  the 
■DOHt  recent  determinatioDS  are  very  near  this  tignre,  so  that  it  may  be 
taken  that  in  the  fomiation  of  18  parts  of  water  (H^O)  there  are 
e^rJved  6S  major  calories,  or  6&000  Doits  of  heat.**  If  thf  itpfcijic  h^nt 
ax  4^if^^A0',  irb#n  Ar:l/tratmg  g^s  «xplcide%  the  densitT  of  aqneoiu  TKpoor  not  orily 
doe*  BnC  Tvj  luul  ii  hkrili  viuies  at  higbci  lempentnrH.  prolaibl j  bean^lbe  uaoant 
ci  the  pT^Eut-^of  diffiocuuoD  it  uzull',  bat  therv  jm  trot^  a*  (at  *4  u  vet  kDom,  any 
tnfM  'if  diHmution  :  i3i  that  under  the  mSoeDce  ot  cooUct  the  tempemnre  at  «hich 
cnmbuution  takes  plan  faUs  erea  to  the  otdisair  tempentim.  when  water  and  iimilar 
aMajnaiitii  natsnllT  are  not  diuoeiaied  and,  jndgiog  from  the  duta  Mmmonicatuj  by 
D.  P.  Koooraloff  i  lutioductiOD,  Xile  X>>  and  others,  it  is  imposiiible  to  ncape  the  pbc- 
Domeu  of  contact ;  all  rtiteU,  vbelber  at  metal  or  gb&s  sbon  the  lame  infiaence  as 
tpongr  pUtinom  altboo}^  b)  a  macfa  less  degiree.     The  phenomena  of  contact,  jadginf 

are  pownfollT  eiotbennal.  uid  the  eiplo^ion  of  detonating  gaf  is  of  this  kind. 

^  The  amoBDE  of  beat  evoked  to  ihe  mmlKistioa  of  a  known  weight  ifor  instance.  1 
gram  i  of  a  giTen  mbstance  is  determined  by  the  rise  in  lentperatnre  of  water,  to  which 
the  whole  o(  the  best  eTolved  ia  the  combostion  is  transmitted.  A  {alohmetrr,  for 
example,  that  shown  in  fig-  S3,  i^  employed  for  this  parpo&e.  Tt  consists  of  a  thin  lin 
order  that  it  may  absorb  less  heati,  polished  ttbat  it  should  transmit  a  nuoimitrD  of  best! 
metallic  tvsmL  snrToanded  by  down  (cl.  oraonw  other  bad  condactorof  heat,  uiil  sji  onur 
metallic  resscl.  This  is  necessary  in  order  that  the  least  passible  amoont  of  heat  shooLd 
be  lost  from  the  vev^eU :  nevertheless,  thert  i^ 


^  ThiH  'jnantity  of  h«at  corresponds ' 
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faqatiMa  vaqmur  (0'48)  remaimd  conntuTtt  from  the  ordinary  lempera- 
Htn  to  that  at  which  lAt  combustion  of  detonatiftg  g<i»  takes  ylaee   (but 

tompenrinre  from  dv  lomiting  gu  at  the  aame  temperature.  If  tbo  water  bo  an  vapour 
khe  hnA  erolved-GH  mujur  calarien;  if  as  ice-^TO'i  majoT  cslorieii.  A  portion  al  thii 
IlWt  ii  due  to  the  liict  thnt  1  vol,  o(  liydrngeu  uid  (  vol.  of  otygeu  give  1  vol,  of  ftqnuoD* 
■nfwa — th&t  U  to  u.v.cou traction  enBUes — anil  tliie  evolves  liMt.  Tb it  quantity  of  heat 
i]r  b«  caloulateil,  bat  it  cannot  be  said  how  mnch  is  expended  in  tile  tearing  apart  of 
\M  of  oiygcn  from  eacb  other,  and  therefore,  strictly  speaking,  we  do  not  know 
•  qiuwtlty  of  heat  wbicb  is  evolved  in  the  conibinatiou  of  hydrogen  with  oiygen ; 
Igh  the  number  of  units  of  beat  evolved  in  the  coubuatioii  of  iltlonatiug  gu  it 
DBTftbgly  known. 

The  eonetroction  of  the  calorimeter  and  even  the  method  of  determination  varj- 
lerably  in  diflerent  coses.  The  greateat  number  of  ciJocimetric  determiiiationa  were 
le  by  Bertbelot  and  ThomuHn.  They  are  given  in  their  worka  Eaeai  de  micaniqae 
*  Antique  /oiulir;  nur  la  llicniiuchiniie,  by  M,  Berthelot,  IHTli  \i  yoia.),  and  Iheraui- 
ektmi»ehii  Untrrt<ii^huiigeti,  by  J.  TliomseB,  IRSII  (*  vols,).  The  atudeut  most  refer  to 
wodaoatheareticiUandphyHicalebemistry  for  a  deatiription  of  the  eltfmenta  and  methods 
of  ihrrmoth^Ptititij,  into  tbe  details  of  wbiuh  it  is  impoHsible  to  enter  in  tbia  work,  all 
the  inoru  wi  heeauKe.  an  has  been  shown  of  lata,  both  the  Lbeoreticol  aide  of  thia  aubjecl 

subJBVttd  to  impr<i\'etuent  in  many  aspeots  before  thermocliemical  study  can  lie  of  that 
euonnouB  utitilf  to  cbiiaiFat  mechanics  which  was  expected  from  it  at  the  time  of  the 
ftppeorance  of  the  (irnl  reseorchea  in  its  province.  One  of  the  originatora  of  thi^nno. 
ehetniatry  waa  a  member  of  the  St,  Petersbncg  Academy  of  Uviences,  Hesa.  Binra  I87D 
k  mosa  of  reaearches  have  appeared  in  this  province  of  chemistry,  especially  in  Fnuice 
■ltd  GermoDy,  after  the  leading  works  of  the  French  Acndemiciitn,  Berthelot,  and  the 
Copanhagen  professor,  Ihomsen.  Among  Russians,  Bekeloff,  Luglnin,  CbelMoCf,  Chiotut- 
cfaofl,  and  othere  are  known  by  their  themiD-chemical  leseoichea.  The  preseet  eikoch  of 
thamoebeniistry,  in  the  absence  of  aateadloalfonndatloa  |aud  the  priucijile  of  maximnm 
inted  OS  SQchf,  most  be  cou^dered  rather  as  a  collective  one,  wherein 
^sia  iiuuuiaed,and  the  flrst  conseqnenceaariaing  from  them  are  noticed. 
ft  &  U;  opinion  three  eaaentiol  circnmst&nces  prevent  the  possibility  of  extracting  any 
'  inpartance  to  chemical  mechanics,  from  the  amassed  and  already 
.OL-hemicaJ  data :  (1)  The  majority  of  the  determinations  ate  coD' 
i  solations,  and,  the  heat  of  solatian  being  known,  are  referred  to 
ttie  mbstances  in  solution  ;  yet  there  is  aiach(C]iap,  I,)  which  forces  one  to  consider  that 
in  Holotinn  water  does  not  play  the  simple  part  ol  a  diluting  medium,  bat  of  itself 
acts  indejieudently  in  a  chemical  sense  on  the  anbatoiice  dimtolTed,  (a)  The  other  chief 
portion  of  thennochemicoi  determinations  i>  conducted  by  the  ignition  of  suhslitnoes 
at  high  temperatures,  and  as  yet  we  do  not  know  lbs  specific  heat  of  many  sabstancea 
at  tliese  temperatures,  (S)  Physical  and  mechanical  changes  (decieiue  oC  volume,  diffu- 
sion, and  uthersi  inevitably  proceed  side  by  side  witli  chemical  changes,  and  for  the  pre- 
sent it  is  impossible,  in  a  number  of  cases,  to  distinguish  the  thermal  eflecl  of  the  one 
and  the  other  kind  of  change.  It  is  evident  that  the  uuekindot  change  (chemical)  isessen. 
leand  incomprehensiblewithoutlbe  other (mechoniool  and  physical};  and 
le  that  lliermochemicol  data  will  only  acquire  their  true  meaning 
connection  between  the  phenomena  of  hotli  kinds  (on  the  one  hand  chemical 
D  the  other  hand  mechanical  and  molecnlar  or  between  entire  masses) 
B  clearly  and  fully  than  is  the  case  at  present.  As  there  is  no 
.pie  mechanical  contact,  or  the  action  of  heat  alone,  on  snbsUnces  some- 
ivicleiit  and  always  a  latent  (incipient)  chemical  change — that  is,  a 
ion  or  movement  of  the  atoms  in  tlie  molecules — it  follows  that  punly 
na  are  inseparable  from  phyiicnl  and  methanieal  phenomena,  Thia  is 
t  relations  forming  the  eaaence  of  the  chemical  relations  of  a  sobatance 
and  ut  present  arc  incomprehensible,  withont  the  molecular  relutioni 
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OXVGEX   AND   IT.S   SALINE   COMBIKATIOXS 

Mixtures  of   hydrojten   and   of    \iicioua  other  gases  with  oxjgen  1 
are  taken   advantage   of  for  obtnining   high    temperaturea.     By  th»  1 
aid  of  such  high  temperatui'as  metnls  like  platinum  may  hp  melted 
on  «   large    sctite,    which   cannot    be 
done  in  furnaces   heated    with  clitkr- 
coal  and  fed  by  a  current  of  air.   The 
burner,  ahuwn  in  tig.  34,  ia  constructed 
for  the  application  of  detonating  gas 
to  the   purpose.     It   consists  of   two 
brass  tubes,  one  fixe<l  inside  the  othei', 
as  shown  in  the  drawing.   The  internal 
central  tube  C  C  conducts  oxygen,  and 
theoutaide,  enveloping,  tube  E'  E'  con- 
ducts  hydrogen.      Previous    to  their 
egress  the  gases  do  not  mix  together, 
BO  that  there  can  be  no  explosion  inside 
the  apparatus.     When  this  burner  is 
in  use  C  is  connected  with  a  gaaholdei 
containing  oxygen,  and  E  with  a  gas 
holder  containing  hydrogen  {or  some- 
times   coal-gas).      The  flow     of    the 
gases     can    Ik    easily    regulated    by 
the  stopcocks  O  H.     The  flame  is  shortest  and  evolves  the  greatert   i 
heat  when  the  gases  burning  are  in    the  proportion  of  1  volume  at  ] 
oxygen  to  2  voluniea  of  hydrogen.     The  degree  of  heat  may  he  easily    | 
judged  from  the  fact  that  a  thin  platinum  wire  placed  in  the  flame 
easily  melts.     By  placing  tlie  burner  in  the  orifice  of  a  hollow  pieoft  -i 
of  lime,  a  crucible  A  B  is  obtained  in  which  platinum  may  be  easily  ' 
melted,    even    in    large  quantities    if    the    current    of   oxygen    and   i 
hydrogen  be  sufliciently  great  (Deville),     The  flame  of  tletonating  gas 
may  also  be  used  for  illuminating  purpose.s.     It  is  by  itself  very  pale, 
but  owing  to  its  high  temperature  it  may  serve  for  rendering  infusible 
objects  incandescent,  and  at  the  very  high  temperature  produced  by  the 
detonating  gas  the  incandescent  substance  gives  a  moat  intense  light. 
For  this  purpose  lime,  magnesia,  or  oxide  of  zirconium  are  used,  as  they 
are  not  fusible  at  tlie  very  high  temperature  evolved  by  the  detonating 
gae.     A  small  cylinder  of  lime  placed  in  the  flame  of  detonating  gas, 
if    r^ulated    to  the    required    point,   gives    a  very    brilliant    whita   , 


rocmorl} ,  itwl  OUo'e  ia  nci«,  I 
gut  fuid  air,  bul  c](  Ute  th 
kIbo  being  employed  in  plac 
guBnd  ur  IB  iicnilcil  by  mesi 


s  bent  known.    The  eiplodinii  is  UHunily  produced  by  co»l-    ' 
laiwurs  nf  (xiinbnBtible  liquids    Ikenneiie,  b«DMiie)  on 
if  gaa  ICbap.  IX.).     Id  Lenoir'*  engine  ■  mixture  at  coal- 
of  «[>arkB  trom  a  RDbmkoril'B  coil,  bat  in  tlie  moat  reoenL 
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light,  wliieh  was  at  one  time  proposed  for  iUuniinatiiig  lighthonses. 
At  present  in  the  majority  of  cases  electric  light,  owing  to  its  constancy 
and  othei'  advantageit,  has  repl&ced  it  for  this  purpose.  The  light 
produced  by  lime  in  det-omiting  gas  is  called  t\\e  Dm ikiiioiuI  light  or 
lime  light. 

Tlie  above  cases  form  esamples  of  the  combustion  of  elements  in 
oxygen,  but  exactly  similar  phenomena  are  obsened  in  the  eomfiunlion 
of  roiHi'OiiHi/g.  So,  for  instance,  the  soljd,  colourless,  shiny  substance, 
naphthalene,  C|nH„  burns  in  air  with  a  smoky  flame,  whilst  in  oxygen 
it  continues  to  burn  with  a  very  bi'illiant  flame.  Alcohol,  oil.  and 
othei'  BubBtances  burn  brilliantly  in  oxygen  on  conducting  the  oxygen 
by  a  tube  to  the  flame  of  lamps  burning  these  substances.  A  high 
tenipei'ature  is  thus  evolved,  which  is  sometimes  taken  advantage  of 
in  chemical  practice. 

In  order  to  understand  why  ctimbastion  in  oxygen  proceeds  moi* 
rapidly,  and  ia  accompanied  by  a  more  intense  heat  eflfect,  than  com- 
bustion in  air,  it  must  l>e  recollected  that  air  is  oxygen  diluted  with 
nitrogen,  which  does  not  support  combustion,  and  therefore  fewer  par- 
ticles of  oxygen  flow  to  the  surface  of  a  sulistance  burning  in  air  than 
when  burning  in  pure  oxygen.  The  chief  reason  of  ihe  intensity  of  com- 
bustion in  oxygen  is  the  high  temperature  actiuii'etl  by  the  substance 
burning  in  it.  Let  us  consider  as  an  example  the  combustion  of  sulphur 
in  air  utkI  in  oxygen.  If  1  gram  of  sulphur  burns  in  air  or  oxygen  it 
evolves  in  eilhercase  3250  units  of  heat^i.*.,  evolves  sufBcient  heat  for 
heating  -22^0  grams  of  water  !"  C.  This  heat  is  flrst  of  all  transmitted 
to  the  sulphurous  anhydride,  SO,,  formed  by  the  combination  of  sulphur 
with  oxygen.  Tn  its  combustion  1  gram  of  sulphur  form.i  2  grama 
of  sulphurous  anhydride — i.e.,  the  sulphur  combines  with  1  gram  of 
oxygen.  In  order  that  1  gram  of  sulphur  should  have  access  to  1  gram 
of  oxygen  in  air,  it  is  necessai-y  that  3'4  grams  of  nitrogen  should 
simultaneously  reach  the  sulphur,  because  air  toutaiiis  seventy-se»en 
part4  of  nitrogen  (by  weight)  per  twenty-three  parts  of  oxygen.  Thus 
in  the  combustion  of  1  gram  of  sulphur,  the  2*250  units  of  hent  are 
transmitted  to  2  grams  of  sulphurous  oxide  and  to  at  least  3'4  grams  of 
nitrogen.  As  0'155  units  of  heat  are  required  to  raise  1  gram  of 
sulphurous  anhydride  1°  C,  therefore  2  grams  require  0-31  units.  So 
also  3-4  grams  of  nitrogen  require  3-4  x  0-244  or  0-83  units  of  Jieat, 
and  therefore  in  order  to  raise  both  gases  V  C.  0-31  +  0-83  or  M4 
units  of  heat  are  re(}uired,  but  as  tlie  combustion  of  the  sulphur 
evolves  2,250  units  of  heat,  therefore  the  gases  might  be  heated  (if 
2250 


their  specific  heats  remained  constant)  to  ""'        or  1974°  C.     TJiat 
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is,  the  rcaximam  possible  temperature  of  the  flame  of  the  sulphur 
buming  in  air  will  be  1974^  C.  In  the  combustion  of  the  sulphur 
in  oxygen  the  heat  evolved  (2250  units)  can  only  pass  to  the  2  grams 
of  sulphurous  anhydride,  and  therefore  the  highest  possible  tempera- 

tupe  of  the  flame  of  the  sulphur  in  oxygen  will  be  =  -^        or  72.'>8^. 

In  the  same  manner  it  may  be  calculated  that  the  temperature  of  char- 
coal buming  in  air  cannot  exceed  2700^,  while  in  oxygen  it  may  attain 
10100°  C.  For  this  reason  the  temperature  in  oxygen  will  always  l>e 
higher  than  in  air,  although  (judging  from  what  has  been  said  re- 
specting detonating  gas)  neither  one  nor  the  other  temperature  will 
nearly  approach  the  theoretical  quantities. 

Among  the  phenomena  accompanying  the  combustion  of  certain 
substances,  the  phenomenon  of  flame  attracts  attention.  Sulphur, 
phosphorus,  sodium,  magnesium,  naphthalene,  tfcc,  burn  like  hydro- 
gen with  a  flame,  whilst  in  the  combustion  of  other  substances  no 
flame  is  observed,  as,  for  instance,  in  the  combustion  of  iron  and 
of  charcoal.  The  appearance  of  flame  depends  on  the  capacity  of  the 
combustible  substance  to  yield  gases  or  vapours  at  the  temperature  of 
combustion.  At  the  temperature  of  combustion,  sulphur,  phosphorus, 
sodium,  and  naphthalene  pass  into  vapour,  whilst  woo<l,  alcohol,  oil,  A:c., 
are  decomposed  into  gaseous  and  vaporous  substances.  The  com- 
bustion of  gases  and  vapours  forms  flames,  and  therefore  a  flame  's 
composed  of  the  hot  and  incandescent  gases  and  vajyours  produced  by  com- 
hvstion.  It  may  be  easily  proved  that  the  flames  of  such  non- volatile 
substances  as  wood  contain  volatile  and  combustible  substances  formed 
from  them,  by  placing  a  tube  in  the  flame  and  drawing  air  from 
it  with  an  aspirator.  Besides  the  products  of  combustion,  com- 
bustible gases  and  liquids,  previously  in  the  flame  as  vapours,  collect  in 
the  aspirator.  For  this  experiment  to  succeed — i.e.,  in  order  to  ideally 
extract  combustible  gases  and  vapours  from  the  flame — it  is  necessary 
that  the  suction  tube  should  be  placed  inside  the  flame.  The  com- 
bustible gases  and  vapours  can  only  remain  unburnt  inside  the  flame, 
for  at  the  surface  of  the  flame  they  come  into  contact  with  the  oxygen 
of     the     air     and     burn.^^     Flames     are    of    different     degrees     f)f 

**  Faraday  proved  tliiK  by  a  very  convincing  ex])erinient  on  a  candle  flame.  If  one 
arm  of  a  bent  glass  tube  be  placed  in  a  candle  flame  above  tlie  wick  in  the  dark  porti(m 
of  the  flame,  then  the  products  of  the  partial  combustion  of  the  stearin  will  pass  up  the 
tube,  condense  in  the  other  arm,  and  collect  in  a  flask  placed  under  it  (flj;.  JJo)  as  lieavy 
white  fumes  which  burn  when  lij^hted.  If  the  tube  be  raised  into  the  upper  lumi- 
nous portirui  of  the  flame,  then  a  dense  black  smoke  which  will  not  inflame  accumulates 
in  the  flask.  Lastly,  if  the  tube  bo  let  rlown  until  it  touches  the  wick,  then  little 
but  stearic  acid  condenses  in  the  flask. 
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Vfipours  emit  but  liltlc  liu'lit  by  themselvf 


indescent  particles  (icour  in 
Incandescent  gas^s  and 
i,  and  therefore  give  a  paler 
flame. '^  If  a  flame  doeii  not 
contain  solid  particles  it  is 
trimsparent,  pale,  and  erails 
but  little  light*'  The  flames 
of  burning  alcohol,  sulphur, 
and  hydrogen  are  of  this  kind. 
A  pale  flame  may  be  rendered 
luminou.s  by  placing  6ne  par- 
ticles of  solid  matter  in  it. 
Tlius,  if  II  very  tine  platinum 
wire  !*  placed  in  the  pale 
ilarae  of  burtdng  alcohol— or, 
betterstilljOf  hydrogen — then 
the  flame  emitsabright  light. 
This  is  still  Iwtter  seen  by  sift- 
ing the  powder  of  an  incom- 
bustible Buljstance,  such  as 
line  Band,  into  the  flame,  or 
by  placing  a  bunch  of  asbestos 
threads  in  it.  Every  brilliant 
flame  always  contains  some 
kind  of  solid  particles,  or  at  least  some  very  dense  vapour.  The  flame 
of  sodium  burning  in  oxygen  has  a  brilliant  yellow  colour,  from  the 
presence  of  particles  of  solid  sodium  oxide.  The  flame  of  magnesium 
is  brilliant  from  the  fact  that  in  burning  it  forms  solid  magnesia,  which 
liecomes  white  hot,  and  similarly  the  brilliancy  of  the  Druniiiiond  light 
ia  due  to  the  heat  of  the  flame  raising  the  solid  non-volatile  linip  to  a 
state  of  incandescence.  Thp  flames  of  a  cnndle,  wood,  and  similar  sub- 
stances are  brilliant,  Ijecause  they  contain  particles  of  charcoal  or  soot. 
It  is  not  the  Hame  itself  which  is  luminous,  but  the  incandescent  soot 
it  contains.  These  particles  of  chai'coal  which  occur  in  flames  may  be 
easily  oliserved   by    introducing  a   cold   oi>ject,  like   a  knife,   into   the 


'esElgftllbg  t] 


■buorb  l>Dt  litUe  light)  uv  but  liltl«  luminans  when  heated  ;  go 
•hsDcb  but  (e»  heat  rnya,  wheu  beutrf  trausinit  (aw  rays  of  heat. 
*'  There  iii,  huwever,  no  dnnbt  bat  tiiuX  very  heavy  denae  v 
preSBUMJ  (neeording  to  the  eiperinieuta  at  FrnnlilBuU)  lire  Ininii 
c*n*ei,  *H  they  iMjcoroe  den»er  they  approach  a  Uiguid  or  sohii  b 
1^  when  exploded  under  preaunre  is  brightly  Inniinoua. 
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flame,"  The  particles  of  charcoal  l>urn  at  the  outei"  surface  of  tlie 
flame  if  the  supply  of  air  be  suflicieut,  liub  if  the  supply  of  air-tbnt  is, 
of  ojtygen— be  insuflicieiit  for  their  comliuBtion  the  flaniP  aiuokes,  because 
these  u neons umetl  particles  of  charcoal  are  earned  off"  by  the  current 
of  ftir.« 

'"  U  lifdrogen  gaa  be  paated  tbcongh  a  vaUtili!  liquid  bydmcubon — lor  inatuice, 
tlirooglx  benMae  (the  benzene  niiLy  be  ponied  directly  into  tbe  veaael  in  which  h3'drogeij  t* 
Kenumted) — then  its  veponr  bnrna  with  tho  hydrogen  and  gives  a  vary  bright  flame, 
beottuw  the  reiultant  iJiutirleii  ol  cu-hon  (mot)  itre  powerfally  ignited.  Beniene,  or 
Iilatinam  gauze,  introduced  into  a  hydrogen  flame  may  be  eniplayed  tor  illmninating 
purpoBeH. 

"^  In^'imerr  the  ae]>arate  p 
That    portion  of   the   flame  « 

pidcv  in  it.  Thla  in  the  nyao 
m  imroadistely  above  the  oril 
bufttibie  vapoDTB  and  gaseB  which  ar 

heat  on  the  melted  tallow  or  stearin,  rise  in  tlie  wick,  and 
■re  lieated  by  the  high  temperatare  of  the  dune.  By  the 
sctiuu  of  the  heat,  the  solid  or  liquid  Biibitance  ia  here,  ae 
In  other  cwteit,  deconipoeed,  forming  prodocts  of  dry  din- 
tilUtioo.  These  product!!  occur  in  the  central  portion  of  the 
flame  of  a  candle.  Thp  air  travels  to  the  flame  fmm  the 
outside,  and  is  not  able  to  intermii  with  the  vapoars  and 
gB«es  in  all  parts  ol  the  flame ;  ixiuBequently.  in  the  outer 
portioti  of  the  flame  the  amount  oF  oxygen  flowing  to  it 
will  \te  greater  than  in  the  interior  portions  of  the  flames. 
But,  owing  to  diffusion,  the  oxygen,  naturally  together  with 
nitrogeu,  flowing  to  the  combuHtible  eubstance  penetrateu 
inBiibj  the  flame,  when  the  eumbustiun  labea  place  in 
orfimuy  wr.     The  combustible  vapoum  and  gases  combine 

bring  about  that  sUte  of  rod  heat  which  ia  to  neoessary 
both  for  keeping  np  the  combustioo  and  also  for  the  u»t'n 
to  wlitch  the  flame  is  applied.  Passing  from  the  colder 
envelope  of  air  t«  the  interior  of  the  flame,  to  the  source  til 
the  combustible  vapours(forinstanoe.the  wick),  we  evidently 
Brst  traverse  layers  of  high  temperatore,  ajid  then 
layers  of  lower  and  lower  temperature,  in  which  the  Mini. 
bnsCion  is  less  complete,  owing  to  the  limited   supply  iif 


Thus,  yet  unbumt  products  of    th 

organic  substances  occur  in  the  interior 

of  the  flame.     But 

there  ii  always  ttee  hydrogen  in  the  int«- 

iorol  the  flame,  eren 

when  a  mi.lore  of 

bydrogen    and    oxygen  bums,    becaus 

evolved  in  the  combnition  of  hydroge 

n  or  the  carbon  o( 

organic  matter  is  no  high  that  the  products  □(  combustinn  rlj'^t^ 

are  Ibemselvea  partially  deoomposed — that  is,  dissociated — 

at  thia  temperature.     Hence,  in  a  flame  a  portion  of  the  hydrogen  and  of 

which  might  combine  with  the  combustible  unbalances  must   always  occur 

■late.     If  a  hydrocarbon  bums,  and  we  imagine  thai  a  pnrtion  of  tlie  bydtngei 
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The  combination  of  various  substances  with  oxygen  may  not  present 
any   signs  of    combustion— that   is,   the   teinpei-ature  may  rise  but 

the  Bame.  becaima,  other  coiiditions  Iwing  anclian([ed,  mrboD  boms  nfter  fayilrogai),  and 
thin  in  obeerired  iu  reality  in  the  comboation  of  Tarians  hj'dicwarbaDii.  Chnrcoal,  or 
the  noot  of  •  eninmoQ  flaino,  prooeedB  from  the  diaaociatioii  nt  organio  subulancoa  con- 
tained in  the  lliuae.  The  mnjorit;  of  hydrnoarbonB,  espeuinllf  thoM  coutiuiiing  much 
carbon — for  instance,  naphthalene— bum  even  in  onye^n.  n-ith  eeparation  or  BOoL  The 
hydrogen  bums,  but  the  carbon  remaina  tinliumt.  or,  at  leSBt,  partly  no.  It  is  this  free 
GArbon  which  caasoa  the  brilliancy  of  the  Ranie.  That  (he  interior  of  the  flame  contuna 
a  miiture  whiih  in  rtiU  capable  of  tombuation  may  be  proved  by  the  following  experi- 
mest:  A  portion  of  the  gaeee  may  he  withdrawn  by  an  aopirulor  from  the  central  portion 
of  the  flanie  of  oarbooic  oxide,  which  ie  combnetible  in  air.  For  this  purpose  Deville 
pasud  water  through  a  metallic  tube  having  a  fine  lateral  orifice,  which  is  placed  in  the 
flame.  Aa  the  water  poases  along  the  tube  the  gaaea  of  the  flameenter  it,  they  are 
interrupted  by  cyhndera  nl  water  poasini;  along  the  tube,  and  are  carried  of!  with  it  into 
an  apparatus  for  their  inreatigation.  It  appeara  thai  all  pnrtiong  of  the  flame  obtained 
by  the  combnation  of  a  mixture  of  oarbonic  oxide  anil  oxygen  ooutain  a  portion  o(  thia 
miilure  atill  unbumt.  The  lesearchee  of  Derille  and  Bnnaen  ahowed  that  in  the 
eiploeion  of  a  mixture  of  hydrogen  and  of  carhauie  oxide  with  oxyf^n  in  a  closed 
apooe,  complete  combustian  sometimes  does  not  take  plave  immediately.  If  two 
volumea  of  hydrogen  and  one  Tolnme  of  oxygen  be  enclosed  in  a  cloned  apace,  then  on 
eiplouon  the  prenaure  does  cot  attain  that  msgnitnde  which  it  would  were  there 
immediate  and  oomplete  combustion.  It  may  bo  calculated  that  in  this  case  the 
prenanre  ahould  attain  twenty-six  atmoapherea.  In  reality,  it  has  been  ahown  by 
direct  experiment  that  in  the  explosion  of  hydrogen  and  oiygen  the  preaaure  docB 
not  exeeed  nine  and  a-half  atmoapherea. 

This  may  be  eipluned  by  the  foot  that,  in  the  faploaion,  the  whole  of  the  oxygen 
ilneanot  all  at  once  combine  with  the  combuatible  substance.  The  amount  of  a  gas 
burnt  may  BTen  be  detsnnined  from  the  pretBuro  produced  in  ita  combustion,  knowing 
the  heal  evolved  in  its  comhuBtion  anci  the  aperific  beat  of  all  the  reanltant  and  partici- 
pating BUhatanceB,  and  hence  the  temperatore  of  combustion,  and  therefore  alao  the 
pressure  which  may  be  evolved  aa  a  oonaeqaence  of  (hat  riae  ol  temperature  which  pro- 
ceeds from  the  evolution  of  heat.  It  appears  that  in  this  caae  only  one-third  of  thegaaea 
hums,  the  remaining  two-thirds  are  not  able  to  combine  at  the  temperature  evolved  in 
the  explosion.  Hence,  in  complole  comhustion,  they  at  first  remain  in  on  uncomhined 
atate,  and  their  mntual  combination  only  takea  place  after  they  hare  cooled.  Hence  the 
admixtore  of  tlie  products  of  oombuation  with  an  explosive  mixture  prevents  the  combus- 
tion of  the  remaining  maes,  whieh  is  capable  of  boming.  The  admixture  of  carbonic 
anhydride  prevents  carbonic  oxide  from  buming.  The  presence  of  any  other  foreign  gan 
interferes  in  the  same  manner.  This  shows  that  every  portion  of  a  flame  must  contain 
combustible,  burning,  and  already  burnt  subatances — i.e.,  oiygen.  carbon,  carbonic  oxide, 
hydrogen,  hydrocarlionB,  carbonic  anhydride,  and  water.  Conaeqaonlly,  it  it  impoiMbU 
to  attain  imlantaneoui  compietr  comhiution,  and  this  ia  one  of  the  reasonB  of  the 
phenomenon  of  flame.  A  certain  space  ia  required,  in  which  the  temperature  would  be  un- 
equal in  diflerent  parts.  In  this  space  different  qnantitiea  of  the  cDm|ionent  parts  are 
anccessively  aubjected  to  combnation,  or  are  coaled  under  the  inflaence  of  adjacent 
objects,  and  combustion  only  ends  where  the  Same  ends.  If  the  combaation  could  be 
concentrated  at  one  spot,  then  the  temperature  would  be  incomparably  higher  than  it  is 
under  the  actual  circumstances.  Hence  it  is  not  to  he  wondered  ut  that  smoke  and  soot 
appear  in  the  combustion  of  a  substance  with  flame.  Tliey  must  occor  in  the  flame, 
because  from  what  has  been  said  above  complete  combastion  cannot  taJca  place  instan- 
noously,  but  only  at  a  certain  fall  in  temperature. 


Thoprei 
the  products  of  combns 


IS  presuppose  that  the  speciflc  heata  of 
■e  known,  and  ore  equal  to  the  specific  heata  at  the  ordinary 
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mcoQ^derahlT.  This  maj  either  proeeed  from  the  fact  that  the 
reactioa  of  the  substance  ( for  example,  tior  mercnrT,  lead  at  a  high 
temperacnrey  or  a  mLstnre  of  prroeAUol  with  caustic  potash  at  the 
ordinarr  tempera ture)  evolves  bat  little  heat,  or  that  ti^  heat 
evolved  is  transmitted  to  ^Dod  coodactors  of  heat,  Hke  metaljy  or  that 
the  cixnhination.  with  oxrs^en  takes  place  fo  slowlj  that  the  heat 
ev^vevl  aiiocee«is  in  pason^  to  the  sarToqnding  ol^ccts.  Coothastioa 
is  «>clIt  a  partfoular,  intenaCr  *^  evidntt  case  o€  combcnatioQ  with 
oxTsea.  Respiratioa  is  also  aa  act  o£  eooibinatiiOCL  with  oxji^ra:  : 
it  aLsi>  serves^  Hke  combsstiocu  for  the  derefepment  of  heat  l^j 
th*>«e  eoemiL-al  priDceases  which  are  Ob  conseqaenges  (the  tiazu- 
formatioa  of  o^rgeo.  into  carhonie  azihjdride)L  Lavociier  enixxi- 
ciated  thhs^  ia.  the  clear  expresBuao.  *  lespiiatioa  it  alow  cQatFjns- 
tion. 

ReihrtiocLS   of  ^tw   cofnbcnatiocL   t^f   refastanircs  with   oxr^pm  are 

termed   'Mritistiiyf^^     CotnbcnaCDOo.  oi  this  kind  /and  also  ooBLhasdoiL; 

often   results   in   che   formatiocL  of  aoii   3ixbecan£e%  and  hetkot   the 

name   otryf/fn    <  .>wH»fr^>jf^\,      Com.fo<sitii9iL   is    oalx    rapid    oxiriafiioa^ 

Plb3i«phorTxsw  crrtQ.  arui  wine  mar  be  taken,  as  examples  of  sahstajuses 

which  si»>wij  oxiktLs?-  in  air  at  the  ocdzisacT  tempetatme.     If  saA  a 

substance  be  left  in  <>>ataet  wfch  a  dettnice  volume  of  air  or  oxtspcb.  it 

Little  bv-  Iititie  ahscrbs  the  oxrsen,  as  mar  be  aeea  b^  the  drtermni'.  rn. 

voiume  of  the  m^     Tka  tlbw  oxniettsoii  csw  as  a  rvle.  rartij  scmMi^ 

panieii  ot  a  «rffrbte  eroLxtZKo.  of  heat  :  b«re  an  ctoIiisboil  of  !«»&  reaUx 

occTZTL  only  it  u  zioc  appac*c£  to  our  vtnsesw  ovine  t«  the  cacfifunjer' 

abie  rise  of  TSHnperature  w&adi  lakes  pioee:  this    is  ofwmi^  co>  the 

slow  rate  of  the  reacrdi^n.  uxd  t^}  "ihe  tranifmwma  «f  the  heat  fetnued  «s 

ladians  heas.  ka.    TTmsv  zi  ihe  ox5iiai:tt>Q.  *jt  wise  and  its  tiaiuisRiiacirsa 

into  vine^iar  hj-  'ihe  i»iia<.  jietihrjd  '^f  c»  prepacKtinaL  tie  heac  evrji*Ti>d 

cannoc  he  'JOserv^Hl  ^si^ue  3  •»xseni^  <pTer  whi^ie  w^Kiciv  ban  m.  the 

so-^aHeti  racid  prao^sfs  -:f  "zoe  auum^Kimr*-  «f  TDxesWr  when,  a  jafiBt- 

^oantrij  -'^c  Trine  5»   •fimpirasrieLj  cacirEj  oxariaKd^  the  e-niiicarAi  *if 

heat  i2^  rnrie  iccaf^na 

:rrfZR:h  4ib*v  zv.^'.f^sumsk  "^t  laorfar^sn.  s£»^  aL-waT<i  ''aJr^ig  piaite  =x  so^iiiT*' 
bj  the  ftCTiaia  ^f  'oie  irauufcner*^  E>!svd  'vzumma  ami  *;he  taiMiua#'.f>M 
obcaizuai  fnm.  ^nem. — f?x«iL  at  loiies  if  ^^^«»^«*.  -mwL  '^'wL  in*«»-  ds*.. — 


-vimm.  r»mjiixiM  mitiunc  in.  •tz.iiniiiJin  uuuUiC  t^  uui':nii«&tft  Irvin.  "SIm  ymammm.  veui.  lifer*' 
tas.'^H  4iiti»    '.t  "Stu   mn\t-fr:z  'juimir  vn  mitifaA  ii    Cfiniir.    i«vumimm  'SSit   wmtuaaCjtn    \f  lut 
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The  combination  of  varioua  substances  with  oxygen  may  not  present 
any   signs  of    combustion— that   is,    the   temperature  ra&y   rise  but 

the  name,  becanw,  other  conditions  being  unthftnged,  carbon  buniB  iJtt'C  hyflrogen,  and 
thin  in  obnerved  in  reality  fn  the  eombQ«Uon  of  variooa  UydroCHtbnn*.  Charcoal,  or 
the  tuiot  nt  n  commDn  Hajne,  proceedB  Irom  the  dif«ociittion  i>t  n^&nic  snhstuiceg  con- 
tained in  the  flame.  Tbe  majority  of  hydrocarbons,  eipeciatly  those  coDtaining  much 
carbon — for  iniitance,  naphthalene— bum  even  in  oxygen,  with  separation  of  u»t.  The 
hydrogen  bnmfi,  but  the  carbon  remaina  tinbumt.  or,  at  leaat,  partly  bo.  It  is  this  tree 
oarboti  which  causes  the  brilliancy  of  the  flame.  That  the  interior  of  the  flame  coolaina 
a  miilnre  which  ia  still  capable  of  combustion  nmy  be  proted  by  the  following  eiperi- 
ment :  A  portion  ol  the  Kaaen  may  be  withdrawn  by  on  uiipiralor  from  the  central  portion 
of  the  flame  of  carbonic  oxide,  which  ia  oombmilible  in  air.  For  this  parpose  Deville 
passed  water  through  a  metallic  Inbe  having  a  fine  lateral  orifice,  which  is  placed  in  the 
flame.  As  the  water  passes  along  the  tube  the  gases  of  the  flomeenter  it,  Ihey  are 
intermpled  by  cylinders  of  water  passing  along  the  tube,  and  are  carried  oil  with  it  into 
an  apparalnB  for  their  inreBtigalion.  It  nppe&n  that  all  portions  of  the  flame  obtained 
by  the  cDmbnslion  of  a  miitore  of  carbonic  oiide  and  oiygen  contain  a  portion  of  this 
mirture  still  unbumt.  The  researches  of  Deville  and  Bnnsen  allowed  that  in  the 
eiqiloaion  of  a  mixture  ol  hydrogen  and  o(  carbonic  oxide  with  oirgen  in  a  closed 
space,  complete  comboation  sometimes  does  not  take  place  inunedjately.  II  two 
volomes  of  hydrogen  and  one  volume  of  oiygen  be  enclosed  in  a  closed  space,  then  on 
explosion  the  premnre  does  not  attun  that  raagnitade  which  it  would  were  there 
immediate  and  complete  combustion.  It  may  bo  calculated  that  in  this  cane  the 
pressure  should  attain  twenty-six  atmonpheres.  In  reality,  it  has  been  shown  by 
direct  experiment  that  in  the  explosion  of  hydrogen  and  oxygen  the  pressure  does 
not  exceed  uiue  and  a-hall  atmospheres. 

This  may  be  explained  by  the  fact  that,  in  the  eiploiion,  the  whole  of  the  oiygen 
does  not  all  at  once  combine  with  the  combustible  substance.  The  amount  o(  a  gas 
burnt  may  even  be  determined  from  the  pressure  produced  in  its  combnstian,  knowing 
the  beat  evolved  in  ite  combastion  and  the  specific  beat  of  all  the  resultant  and  partici- 
pating substances,  and  hence  the  temperature  of  combustion,  and  therefore  also  the 
pressnte  which  may  be  evolved  as  a  conseqaence  of  that  rise  of  tempetatnre  which  pro- 
ceeds from  tbe  evolution  of  heat.  It  appears  that  in  this  case  only  one-third  of  the  gaees 
bums,  the  remaining  two-Lhirds  ate  not  able  to  combine  at  the  temperature  evolved  ia 
the  explosion.  Hence,  in  complete  combustion,  they  at  first  remain  in  an  uncombined 
stale,  and  their  mutual  combination  only  takes  place  after  they  have  cooled.  Hence  the 
ndmiiture  of  the  products  of  combustion  with  an  explosive  miitore  prevents  the  eomlius- 
tion  of  the  remaining  mass,  which  is  capable  of  homing.  Tlie  admixture  of  carbonic 
anhydride  prevents  carbonic  oxide  from  burning.  The  presenee  of  any  other  foreign  gas 
inUrferes  in  the  same  mamier.  This  shows  that  every  portion  of  a  flame  must  contain 
combustible,  bnming,and  already  burnt  substances — I'.c,  oxygen,  carbon,  carbonic  oxide, 
hydrogen,  hydrocarbons,  carbonic  anhydride,  and  water.  Conseqnently,  it  is  impoaibte 
to  attain  initanlaneom  cmnplete  conibuttion,  and  this  is  one  of  the  reasons  of  the 
phenomenon  of  flame.  A  certain  since  is  reqaired,  in  which  the  temperature  would  be  un- 
equal in  different  parts.  In  this  space  different  gaantities  of  the  component  parts  are 
successively  subjected  to  combnstion,  or  are  cooled  under  the  inflnence  of  adjacent 
objects,  and  rombustion  only  ends  where  the  fiame  ends.  If  the  combnstion  could  be 
concentrated  al  one  spot,  then  the  temperature  would  be  incomparably  higher  than  it  is 
under  the  actual  circomstanues-  Hence  it  is  not  to  be  wondered  at  that  smoke  and  soot 
appear  in  the  combustion  ol  a  substance  with  flame.  They  must  occur  in  the  flame, 
because  troni  what  has  been  said  above  complete  combnstion  eonnot  take  place  instan- 
taneously, but  only  at  a  certain  fall  in  temperature. 

The  preceding  considerations  and  itivestigations  presuppose  that  the  specific  heats  of 
the  products  ol  combustion  are  known,  and  ore  equal  to  the  specific  heats  al  the  ordinary 
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insiderablf.  This  may  either  proceed  from  the  fact  that  the 
•reaction  of  the  substance  (for  example,  tin,  mercury,  lead  at  a  high 
temperature,  or  a  mixture  of  pyrogallol  with  caustic  potash  at  the 
ordinary  temperature)  evolves  but  little  heat,  or  that  the  heat 
evolved  is  transmitted  to  gocKl  conductors  of  heat,  like  metals,  or  that 
the  combination  with  oxygen  takes  place  bo  slowly  that  the  heat 
evolveil  succeeds  in  passiag  to  the  surrounding  objects.  Combustion 
is  only  a  particular,  intense,  and  evident  cose  of  combination  with 
oxygen.  Respiration  is  also  an  act  of  combination  with  oxygen  ; 
it  also  serves,  like  combustion,  for  the  development  of  heat  by 
lemical  processes  which  are  its  consequences  (the  trans- 
ionuatioQ  of  ojygen  into  carlxmtc  anhydride),  Lavoisier  enun- 
ciated this  in  the  clear  expression,  '  respiration  is  slow  combus- 
tion.' 

Reactions  of  slow  combination  of  substances  with  oxygen  ai-e 
termed  oxidation*.  Cotnbination  of  this  kind  (and  also  combustion) 
often  results  in  the  formation  of  acid  substances,  and  hence  the 
name  oxj/grn  (Snuerstoff).  Combustion  is  only  rapid  oxidation. 
Phosphorus,  iron,  and  wine  may  be  taken  as  examples  of  substances 
which  slowly  oxidiije  in  air  at  the  ordinary  tem[>erature.  If  such  a 
Bubstauce  be  left  in  contact  with  a  definite  volume  of  air  or  oxygen,  it 
little  by  little  absorbs  the  oxygen,  as  may  be  seen  by  the  decrease  in 
volume  of  the  gas.  This  slow  oxidation  is,  as  a  rule,  rarely  accom- 
panied by  a  sensible  evolution  of  heat  ;  but  an  evolution  of  heat  really 
occurs,  only  it  is  not  apparent  to  our  senses,  owing  to  tJie  inconsider- 
able rise  of  temperature  which  takes  place  ;  this  is  owiug  to  the 
slow  rate  of  tlie  i-eaction  and  to  the  transmission  of  the  heat  formed  as 
radiant  beat,  Ac.  Thus,  in  the  oxidation  of  wine  and  its  transformation 
into  vinegar  by  the  usual  method  of  its  preparation,  the  heat  evolved 
oannot  be  observed  because  it  extends  over  whole  weeks,  but  iu  the 
so-called  rapid  process  of  the  manufacture  of  vinegar,  when  a  large 
quantity  of  wine  is  comparatively  rapidly  oxidised,  the  evolution  of 
beat  is  (|uite  apparent. 

Such  slow  processes  of  oxidarion  are  always  taking  place  in  nature 
by  tlie  action  of  the  atmosphere.  Dead  organisms  and  the  substances 
obtained  from  them — such  an  bodies  of  animals,  wood,  wool,  grass,  Ac. — 

temperature.  If  Ihey  vnry  (kh  Berthulot  nnd  Vieillu  nffinn),  tlia  poitioD  of  t,  substanue 
which  remniiDi  unhunit  on  eiploHiuD  cunnot  be  culcalated  from  tbo  prMSure,  koil  tbere. 
fore  the  qtuuititalire  side  of  the  xubject  Hhould  be  comudered  as  doabttnl.  Bat  the  iiaali- 
tatite  Hide  of  the  sobject  gnmiot  b«  aabject  to  doubt,  hevBusa  the  diasoctitliun  o(  the 
prodnot*  of  combmtinn  nl  high  l*mporataro»  is  proveil  clearly  bj-  the   most   vnriml 
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are  especially  subject  to  this  action.  They  rot  and  putvpfy — ^that  is, 
their  solid  matter  is  transformed  into  gases,  under  the  influence  of 
moisture,  and  atmospheric  oxygen,  and  often  under  the  influence  of 
other  organisms,  such  aa  moulds,  worms,  micro-organisms  (Ijaoteria),  and 
such  like.  These  are  processes  of  alow  combustion,  of  alow  combination 
■with  oxygen.  Everyone  knows  that  manure  rots  and  evolves  heat, 
that  stacks  of  damp  hay,  damp  flour,  straw,  &c.,  become  heated  and 
are  changed  in  the  process."'  In  all  these  transformations  there  are 
formed  the  same  chief  products  of  combustion  aa  are  contained  in 
smoke ;  the  carbon  gives  carbonic  anhydride,  and  the  hydrogen 
water.  Hence  these  processes  require  oxygen  just  like  combustion. 
This  is  the  reaaon  why  the  entire  prevention  oE  access  of  air  hinders 
these  transfnnnjitions."'  and  an  iiicrease<l  supply  of  nir  accelerates  them. 
The  mechanical  treatment  of  arable  lands  by  the  plough,  harrow,  and 
other  similar  means  has  not  only  the  object  of  facilitating  the  spread 
of  roots  in  the  ground,  and  of  making  the  soil  more  permeable  to  water, 
but  it  also  serves  to  facilitate  the  access  of  the  air  to  the  component 
parta  of  the  soil  ;  na  a  consequence  of  which  the  organic  remains  of 
soil  rot— so  to  speak,  breathe  air  and  evolve  carbonic  anhydride. 
r)ne  acre  of  good  garden  land  in  summer  evolves  more  than  six  tons 
of  carbonic  anhydride. 

It  is  not  only  vegetable  and  animal  substances  which  are  subject  to 
slow  oxidation  in  the  presence  of  water.  The  very  metals  are  nist«d 
under  these  conditions.  Copper  very  easily  alisorbs  oxygen  in  the 
presence  of  acids.  Many  metallic  sulphides  (for  example,  pyrites)  are 
very  easily  oxidised  with  access  of  air  and  moisture.  Thus  processes 
of  slow  oxidation  proceed  thnjughout  nature. 

There  are  many  elements  which  do  not,  under  any  circumstances, 
combine  directly  with  gaseous  oxygen  ;  nevertheless  their  compounds 
with  oxygen  may  be  obtained.  Platinum,  gold,  iridium,  chlorine, 
and  iodine  are  examples  of  such  elements.  Tn  this  cose  recourse  is 
had    to   a   so-cilled    indifent    metho'l^i.'-.,    the  given    substance    is 

"  Cottou  wHBte  (it  is  aeed  in  (actorJBB  for  cleaning  mftrhiiieH  from  lubiicating  oil) 
AOftked  in  oil  »nd  lytu);  in  heaps  ia  Bolt-combastible,  being  oxidised  hj  the  nir. 

**  'When  it  in  daaired  to  preBerre  a,  soppljot  Tegetnbleand  ftnioiaJ  food,  the  vm%bb  of 
the  oiygen  of  the  itmosphere  (and  also  of  tlie  germs  of  orginiams  borne  in  the  air) 
is  often  prevented.  For  this  rosson  articles  of  food  are  often  kept  in  hemietic«ll)'  olosed 
reasels,  from  which  the  air  iiwithdnno;  Tegetablei  are  dried  and  soldered  up  while  hot 
in  tin  boxes ;  saidines  are  immersed  in  oil,  Ac.  The  removal  of  water  from  substances  is 
also  KometimeH  resorted  to  vith  the  same  object  (the  drying  of  hay,  com,  fruits),  as  also 
in  saturation  with  substance*  whidh  ahsorh  oxygen  (such  »  sulphnroQB  anhydride),  or 
which  hioder  the  growth  of  orgauisnu  forming  the  fint  cause  of  patrefactiun,  as  in 
processes  ot  smoking,  embalmiBg,  and  in  the  boepiug  of  Sshea  and  other  animkl  Bp«ci- 
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combined  witli  another  element,  and  by  a  method  of  double  decom- 
poaitioii  this  element  is  replnced  by  oxygen,  or  a.  substance  is  taken 
which  easily  evolves  oxygen,  and  is  brought  int-o  contact  with  the  given 
BubstancB.  The  oxygen  then  acts  at  the  moment  of  its  evolution.  If 
the  conditions  are  sucb  that  the  substance  to  be  oxidised  is  libemted 
&t  the  same  moment,  then  oxidation  pi-oceeds  with  greater  ease. 
(The  explanation  of  this  phenomenon  wa.s  given  iu  the  lost  chapter.) 
It  must  be  rentarked  that  substances  which  do  not  directly  combine 
with  oxygen,  but  form  compounds  with  it  by  an  indirect  method,  often 
readily  lose  the  oxygen  wbich  was  absorbed  by  them  by  double  decomposi- 
tion or  at  the  moment  of  its  evolution.  Such,  for  example,  are  the  com- 
pounds of  oxygen  with  chlorine,  nitrogen,  and  platinum,  which  evolve 
oxygen  on  heating.  They,  like  other  substances  which  easily  evolve 
oxygen  on  heating,  may  serve  as  a  means  for  obtaining  oxygen,  or  for 
oxidation.  They,  iu  the  presence  of  substances  which  are  capable  of 
combining  with  oxygen,  are  decomjioseil,  give  up  their  oxygen  to  them, 
•nd  may  tbus  be  themselves  employed  for  indirect  oxidation.  In  this 
Te&pect  oxifHiijir/  agenlt,  or  those  compounds  of  oxygen  which  are  em- 
ployed in  chemical  and  technienl  practice  for  ti-ansfei'ring  oxygen  to 
other  substances,  are  especially  remarkable.  The  moat  important 
Among  these  is  nitric  acid  or  aqua /orti»—&  substance  rich  in  oxygen, 
and  capable  of  evolving  it  when  heated,  and  which  easily  oxidises  a  great 
number  of  substances.  Thus  nearly  all  metals  and  organic  substances 
containing  carbon  and  hydrogen  are  more  or  less  oxidised  when  heated 
with  nitric  acid.  If  strong  nitric  acid  be  taken,  and  a  piece  of  burning 
charcoal  be  immersed  in  tbe  acid,  it  continues  to  bum,  the  combustion 
proceeding  in  this  case  at  the  expense  of  the  oxygen  contained  in 
the  liijuid  nitric  acid.  Chromic  acid  acts  like  nitric  acid  ;  alcohol 
bums  when  rai.xed  with  it.  Although  the  action  is  not  so  marked, 
even  water  may  oxidise  with  its  oxygen.  Sodium  is  not  oxidised  in 
perfectly  dry  oxygen  at  the  ordinary  tempei-ature,  but  it  burns  very 
easily  in  water  and  aqueous  vapour.  Charcoal  can  burn  in  carbonic 
anhydride — a  product  of  combustion — forming  carbonic  oxide.  Mag- 
nesium bums  in  the  same  gas,  sepai'ating  carbon  from  it.  Uenerally, 
ffiombined  oxygen  can  pass  from  one  <?ompouiid  to  another. 
L  The  products  of  combustiim  or  oxidation  —and  in  general  the  definite 
compounds  of  oxygen — are  termed  oxides.  Some  oxides  are  not  capable 
of  combining  with  other  oxides — or  combine  with  only  a  few,  and  then 
form  unstable  compounds  with  the  evolution  of  very  little  heat ; 
jjtliers,  on  the  contrary,  enter  into  combination  with  very  many  other 
ides,  and  in  general  have  remarkable  chemical  energy.  The  oxides 
kpable  of  combining  with  others,  or  only  showing  this  quality  in  a 
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small  degree,  are  termed  indifferent  oxides.     Such  are  the  peroxides,  of 
which  mention  has  before  been  made. 

The  class  of  oxides  capable  of  entering  into  mutual  combination 
we  will  term  saline  oxides.  They  fall  into  two  chief  groups — at  least, 
as  regards  the  most  extreme  members.  The  members  of  one  group  do  not 
combine  with  each  other,  but  combine  with  the  members  of  the  other 
group.  As  representative  of  one  group  may  be  taken  the  oxides  of 
the  metals,  magnesium,  sodium,  calcium,  kc.  Representatives  of  the 
other  group  are  the  oxides  formed  by  the  non-metals,  sulphur,  phos- 
phorus, carbon.  If  we  take,  for  instance,  the  oxide  of  calcium  or 
lime,  and  bring  it  into  contact  with  oxides  of  the  second  group,  there 
ensues  very  ready  combination.  Thus,  for  instance,  if  we  mix  calcium 
oxide  with  oxide  of  phosphorus,  they  combine  with  great  facility,  with 
the  evolution  of  much  heat.  If  we  pass  the  vapour  of  sulphuric  an- 
hydride, obtained  by  the  combination  of  sulphurous  oxide  with  oxygen, 
over  pieces  of  lime  heated  to  redness,  then  the  sulphuric  anhydride  is 
absorbed  by  the  lime,  with  the  formation  of  a  substance  called 
calcium  sulphate.  The  oxides  of  the  first  kind,  which  contain 
metals,  are  termed  hdsic  oxidss  or  hoses.  Lime  is  a  familiar  example 
of  this  class.  The  oxides  of  the  second  group,  which  are  capable  of 
combining  with  the  bases,  are  termed  anhydrides  of  Oie  acids  or  acid 
oxides.  Sulphuric  anhydride,  SO 3,  may  be  taken  as  a  type  of  the 
group.  It  is  formed  by  the  combination  of  sulphur  with  oxygen  ;  by 
the  addition  of  a  fresh  quantity  of  oxygen  to  the  above-mentioned 
sulphurous  anhydride,  SO2,  by  passing  it  and  oxygen  over  incandescent 
spongy  platinum.  Carbonic  anhydride  (often  termed  *  carbonic  acid,' 
CO 2),  phosphoric  anhydride,  sulphurous  anhydride,  are  all  acid  oxides, 
for  they  can  combine  with  such  oxides  as  lime  or  calcium  oxide, 
magnesia  or  magnesium  oxide,  MgO,  soda  or  sodium  oxide,  NagO, 
dbc. 

If  a  given  element  form  one  basic  oxide,  it  is  termed  the  oxide  ;  for 
example,  calcium  oxide,  magnesium  oxide,  potassium  oxide.  Some 
indifferent  oxides  are  also  called  'oxides  '  if  they  have  not  the  properties 
of  peroxides,  and  at  the  same  time  do  not  show  the  properties  of  acid 
anhydrides — for  instance,  carbonic  oxide,  of  which  mention  has  already 
been  made.  If  an  element  forms  two  basic  oxides  (or  two  indifferent 
oxides  not  having  the  characteristics  of  a  peroxide)  then  that  of  the 
lower  degree  of  oxidation  is  called  a  suboxide — that  is,  suboxides  contain 
less  oxygen  than  oxides.  Thus,  when  copper  is  heated  to  redness  in  a 
furnace  it  increases  in  weight  and  absorbs  oxygen,  until  for  63  parts 
of  copper  there  is  absorbed  not  more  than  8  parts  of  oxygen  by  weight,, 
forming  a  red  mass,  which  is  suboxide  of  copper  ;  but  if  the  roasting 
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ged,  mid  tbe  draught  of  air  he  increased,  63  parts  of  copper 
i  parts  of  oxygen,  and  fbmi  black  oxide  of  copper.  Some- 
L  the  degrees  of  oxidation  a  change  of 
3  element  — if  oxide  naming  the  higher 
IS  oxiiie  the  lower  degree.  Thus  ferrous 
e  same  as  subosido  of  iron  and  oxide  of 
some  case^  but  cannot 
}  anhydride  otdy,  then  it 
le  of  the  element  made  to 
a  an  element  forms  two 
are  used  to  distinguish 
ir  example,  sulphurous 


I  be  proloi 
absorb   1 ' 
times  to  distinguish  beti 
Buflix  is  made  in  the  oxidisei 
degree  of  oxidation,  and  — o-i 
oxide  and  ferric  oxide  are  th 
iron.     This  nomenclature   is   convenient  in 
always  be  eniployeci.     If  an  element  forms  or 
^^     is  named  by  an  adjective  formed  from  the  nai 
^L  end  in  — ic  and  the  word  anhydrldi.     Wh( 
^H  anhydrides,  then  the  sutHxes  ^ouk  and  — i 
^H  them  :  ^oits  aignifjing  less  oxygen  than — ic 

^H  and  sulphuric  anhydrides.*^     When  several  oxides  are  formed  from  the 
^H  same  element,  the  prefixes  wiojt,  di,  tri,  telra  are  uaed,  thus  :  chlorine 
^^[  taonoxide,  chlorine  dioxide,  chlorine  trioxide,  and  chlorine  tetroxide 
or  chloric  anhydride. 

Chemical    transformations  of   the   oxides    themselves  are    rarely 
accomplished,  and  In  the  few  ca.ses  where  they  are  subject  to  such 

i changes  a  particularly  important  part  is  played  by  their  combinations 
Tith  water.  The  majority  of,  if  not  ull,  basic  and  acid  oxides  combine 
irith  water,  either  by  a  direct  or  an  indirect  method  forming  hydrates 
— that  is,  such  compounds  as  split  up  iuto  water  and  an  oxide  of  the 
■ame  kind  only.  We  already  know  that  many  substances  are  cap* 
able  of  combining  with  water.  Oxides  pos^ss  thl»  property  in  the 
bighest  degree.  We  have  already  seen  examples  of  this  (Chap.  I.) 
in  the  combination  of  lime,  and  of  sulphuric  and  phosphoric  anhydrides, 
Vitb  water.  Hence  the  results  of  such  combination  are  basic  and  acid 
hydrates.  Acid  hydrates  are  caUed  addf,  because  they  have  an  acid 
iu 
ex 


lenlth 


mnucked  that  tbi 
Ibh  Ibul  tbe  Bcid 
(ndet  with  reaped 


DovmLnBlrtHiBL 


(only  I 


ihTdiide.  Tbns  ibej  m 
u  the  Binouut  nf  oiyBB" 
uid  orideg ;  (a)  iieroiidei 
lenU,  bowsTHr,  do  nut  give  tH  three  kioi 
oxidBtkin.  It  Diaat  farther  be  Kmuked  th 
acid  anliydndea  with  basic  oxidea,  □ 
rjr  oxide  hdving  a 


^n  (Hide»  i>f  nil  tbreo  kinds — i.r., 
am  majiganauB  oiide.  maniinuiv 
id  msngBnic  anbydridu,  klUionj;h 
bination.  It  is,  then,  nlwajalabe 
Ihi!  iieroiides,  and  the  peniiides 
the  MiaviiBg  general  normiU 
I  theircompoaition — (1)  baniu 
(S)  acid  onbjpdridea.  The  majority  of 
of  oxideB,  some  giving  only  one  degree 
there  am  oiidea  formed  by  tbe  combina- 
ixides  with  oiidea. 


e  placed  in 


It  and  a  Idwbc  degree  of  anidatioo.  it  might  be  aaid  that  the  in- 
a  formed  by  the  ooinbination  of  the  higher  with  the  lower  o»ide.  Bnt  Ihia 
bnol  tme  in  ail  ciiHa — for  instance,  when  tlie  oxide  under  consideration  forma  a  vrhola 
independent  eoroponndfl — for  oiidea  which  are  really  formed  by  the  combiiialion 
ither  Diidea  do  not  giye  sncb  independent  coiapounds,  but  in   many   cn^eH 
le  into  tbe  higher  ujid  lower  oiides. 
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taste  when  difisolved  in  water  (or  ealiva,  for  tlien  (inly  cnn  they  act  on 
tlie  palate).  Vinegar,  for  example,  has  an  acid  taste  becauee  it  contains 
acetic  acid  dissolved  in  water.  Sulphuric  acid,  of  which  we  have  made 
mention  many  times,  because  it  is  the  acid  of  the  greatest  importance 
both  in  practical  cbemistry  and  for  its  technical  appUcationSj  ia  really 
a  hydrate  formetl  by  the  combination  of  sulphuric  anhydride  with 
water.  Besides  their  acid  taste,  dissolved  acids  or  acid  hydrates  have 
the  property  of  changing  to  red  the  blue  colour  of  certain  veget-ible 
dyes.  Of  these  dyes  li/mus  is  particularly  remarkable  and  much  used. 
It  is  the  blue  substance  extracted  from  certain  lichens,  and  is  used  for 
dyeing  tissues  blue ;  it  gives  a  blue  infusion  with  water.  This 
infusion,  on  the  addition  of  an  acid,  changes  from  bfu«  to  rr.d.'''' 

Basic  oxides,  in  combining  with  water,  form  hydrates,  of  which, 
however,  very  few  are  soluble  in  water.  Those  which  are  soluble  in 
water  have  au  alkaline  taste  like  that  of  soap  or  of  water  in  which  ashes 
have   been  boiled,  and  are  called  alkalit.     Further,  alkalis  have  the 

*"  Blolting  Dt  nuHined  impar,  Bonked  id  a  Bolotion  of  litmna.  in  QBoallj  employed  for 
doteotiug  lbs  preMnce  of  oci^.  This  pnper  is  cat  into  strips,  uid  ia  called  leii  paprr ; 
when  dipped  into  acid  it  immediately  toras  red.  This  is  a  moat  seneitive  reactiiiD,  and 
may  tv  employed  loi  testiog  tor  the  least  tracea  ol  acids.  U  lOOUUpartHby  vieigbt  of  woleir 
be  mixed  with  1  poll  of  salpharic  acid,  the  colotation  ii  dintinctly  perceptible,  aud  it  is 
quite  diBtingnioliabls  an  the  addition  of  ten  times  more  irater.  Certain  precoutiona 
mnat,  however,  he  talren  in  the  preparation  of  such  very  flenflitiTe  litmoi  paper.  Litmna 
JH  Bold  in  lumps.  Tske,  eay.  100  grams  of  it ;  pound  it,  and  odd  it  to  cold  pore  water  in 
n  flask.  Shake  and  decant  the  water.  Repeat  this  three  times,  Tliin  ia  done  to  wash 
awny  easily-solnble  impuiitiea,  especially  alkalis.  Transfer  the  washed  litmus  to  a 
flaak,  and  panr  in  HOO  grams  of  water,  l;eat,  and  allow  the  hot  inlnsioD  to  remdin  for 
seme  hours  in  a  worm  place.  Then  filter,  and  diride  the  filtrate  into  two  ports.  Add  a 
lew  drops  of  nitric  acid  to  one  portion,  m>  that  a  faint  red  tinge  ia  obtained,  and  then 
jnli  the  two  portions.  Add  spirit  to  the  miiture,  and  keep  it  thus  in  a  stoppered  bottle 
(it  soon  spoils  if  left  open  to  the  air).  This  infuaiou  may  beeaipioyed  directly;  itreddena 
in  the  presence  of  acids,  and  tume  bine  in  the  presence  nt  alkalis.  If  eiaporsted.  a 
eolid  mass  is  obtained  which  is  soluble  in  water,  and  may  be  kept  nnchantied  tor  any 
length  of  time.  The  test  paper  may  be  prejiared  as  followa : — Take  a  strong  infusion  of 
litiDUs,  and  soak  blotting-paper  with  it :  dry  it,  and  cut  it  into  strips,  and  use  it  as  test- 
pnper  far  acids.  For  the  detection  ol  alkalis,  the  paper  must  be  soaked  in  a  solution 
of  litmus  just  reddened  by  a  few  drops  of  acid  ;  if  loo  mnch  acid  be  taken,  the  paper  will 
nut  be  seDaitive.  Such  acids  sa  nulpharic  acid  colour  litmus,  and  especially  its  infusion, 
a  brick.red  colonr,  whilst  more  feeble  acids,  such  as  carbonic,  gire  a  tstnt  red-wiue  tinge. 
Test-paper  of  a  yellow  colour  is  also  employed;  it  is  dyed  by  an  infusion  of  turmeric  roots 
in  spirit.  In  alkalis  it  toma  brown,  but  refrains  its  originsl  hue  in  aoids.  Many  blue 
and  oUier  Tugetable  Dolonring  matters  may  be  used  for  the  detection  of  acids  and  alkalis ; 
lor  example,  infuaions  of  cochineal,  violets,  log-wood,  ritu.  Certain  artificially-prepared 
Btibstances  and  dyes  may  also  be  employed.  Tims  rosolic  acid,  Cn,U,„Oj,  and 
phenolphtholeTn.  Cn,H|i04,  are  colourless  in  on  acid,  and  red  in  an  alkaline,  solution. 
Cyanine  is  aico  colourless  in  the  presence  of  acids,  and  gives  a  blue  coloration  with 
alkalis.  These  are  very  sensitive  tests.  Their  behaviour  in  respect  to  various  acids, 
alkalis  and  salts  sometimes  gives  the  means  of  distingnishin);  sabstances  from  each 
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I  property  of  restoring  the  blue  colour  to  litmus  which  has  been  reddened 
by  the  action  of  acids.  The  hydrates  of  the  oxides  of  sodium  and 
potassium,  NaHO  and  KHO,  are  examples  of  basic  hydrates  easily 
soluble  in  water.  They  are  true  alkiilis,  and  are  termed  cauulic,  because 
they  act  very  powerfully  on  the  skin  of  animals  and  plants.  Thus 
NaHO  is  called  '  caustic '  soda. 

Thu.s,  the  -saline  oxidea  lire  capable  of  combining  together  and  with 
I 'water.     Water  itself  is  an  oxide,  and  not  an  indifferent  one,  for  it  can, 
e  have  seen,  combine  with  basic  and  acid  oxides  ;  it  is  a  represen- 
Vtelive  of  a  whole  series  of  saline  oxides,  intermediate  oxides,  capable  of 
B^combimng  with  both  basic  and  acid  oxides.     Tliere  are  many  such 
l«nides,  which,  like  water,  combine  with  basic  and  acid  anhydrides — for 
I  instance,  the  oxides  of  aluminium  and  tin,  >tc.     From  this  it  may  be 
I  concluded  that  all  oxides  might  be  placed,  in  respect  to  their  capacity 
I  for  combining  with  erne  another,  in  one  uninterrupted  series,  at  one 
ft«xtremity  of  which  would  ijtaud  those  oxides  which  do  not  combine 
b'with  the  buses — that  is,  the  alkalis — while  at  the  other  end  would  be 
|;the  acid  oxides,  and  in  the  interval  those  oxides  which  combine  with 
B  another  and  with  Ijoth   the  acid  and  basic  oxides.     The  further 
K«[)art  are  the  meml^ers  of  this  series  the  more  stable  are  the  compounds 
KvUiey  form  together,  the  more  energetically  do  they  act  on  each  other, 
the  greater  the  quantity  of  heat  evolved  in  their  reaction,  and  the 
3  their  saline  chemical  character. 
We  said  above  that  basic  and  acid  oxides  combine  t<^ther,  but 
Rarely  react  on  each  other  ;  this  depends  on  the  fact  that  the  majority 
S  them  are  solids  or  gases — that  is,  they  occur  in  the  stata  least  prone 
o  chemical  reaction.    The  gaseo -elastic  state  is  witJi  difficulty  destroyed, 
e  it  necessitates  overcoming  the  elasticity  proper  to  the  gaseous 
rticles.     The  solid  state  is  characterised    by  the   immobility  of  its 
rticles  ;  wliilst  chemical  action  requires  contact,  and  hence  a  dis- 
l^acement  and  mobility.     If  solid  oxidas  be  heated,  and  especially  if 
tliey  be  melted,  then  reaction  proceeds  with  great  ease.     But  such  a 
mge  of  state  rarely  occurs  in  nature  or  in  practice.     In  a  few  furnace 
i  only  is  this  the  case.     For  example,  in  the  manufacture  of 
bIsss,  the  oxides  contained  in  it  combine  together  in  a  molten  stat«. 
Sat  when  oxides  combine  with  water,  and  especially  when  they  form 
rdrates  soluble  in  water,  then  the  mobility  of  their  particles  increases 
0  a  considerable  extent,  and  their  reaction  is  greatly  faciUtat«d.     Re- 
lotion  then  takts  place  at  the  ordinary  temperature — «asily  and  rapidly ; 
a  that  this  kind  of  reaction  belongs  to  the  class  of  thi»e  which  take 
lice  with  unusual  facility,  and  are,  therefore,  very  often  taken  advan- 
)  of  ill  practice,  and  also  have  been  and  are  going  on  in  nature  at 
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^fv^ntj  iKUrp*  W«  will  rtfjfw  consider  the  reactions  of  oxides  in  the  state 
^  Ly4niUt%  wjH  liming  Kigfat  of  the  fact  that  water  is  itself  an  oxide 
tRTsUi  dtfttuiUi  j/rofiertieM,  and  ha£,  therefore,  no  little  influence  on  the 
ijtvarm  ^A  Xh^mt  i:\iSLf^f^  in  which  it  takes  part. 

If  we  take  a  ^ie^nite  quantity  of  an  acid,  and  add  an  infusion  of 
UkiuoM  to  ity  it  tumj>  red  ;  the  addition  of  an  alkaline  solution  does  not 
at  'MiCti  nXtAtr  th«;  rKl  colour  of  the  litmus,  bat  on  adding  more  and 
mont  of  tlie  alkaline  w^ation  a  point  is  reached  when  the  red  colour 
dbaogen  Ut  violet,  tii%d  then  the  further  addition  of  a  fresh  quantity  of 
tlM;  alkaline  t^Autum  changes  the  colour  to  blue.  This  change  of  the 
€tAfmr  id  the  litmus  is  a  consequence  of  the  formation  of  a  new  com- 
pound. Tliiii  reaction  is  termed  the  scUurtUion  or  neutralisation  of 
tlM;  add  by  tlie  liase,  or  vice  ver^cL  The  solution  in  which  the  acid 
fgOf^HfUiTH  <d  the  acid  are  saturated  by  the  alkaline  properties  of  the 
bMe  is  U^nnfutl  a  neutral  solution.  Such  a  solution,  although  derived 
froin  the  mixture  c/f  a  Ijase  with  an  acid,  does  not,  however,  exhibit 
either  the  acid  t^r  Ijai^ic  reaction  on  litmus,  yet  it  preserves  many  other 
ffigns  iA  the  aci/i  and  alkali.  It  is  ob6er\'ed  that  in  such  a  definite 
admixture  of  an  acid  with  an  alkali,  besides  the  change  in  the  colour 
of  litmus,  there  is  a  heating  effect — i.e.,  an  evolution  of  heat — which  is 
alone  sufficient  U>  prove  that  there  was  chemical  action.  And,  indeed, 
if  the  resultant  violet  s^ilution  be  evaporated,  there  separates  out,  not 
the  acid  nor  the  alkali  originally  taken,  but  a  substance  which  has 
Dfeither  acid  nor  alkaline  properties,  but  is  usually  solid  and  crystal- 
line, having  a  saline  appearance  ;  this  is  a  mU  in  the  chemical  sense  of 
the  word.  Hence  it  is  derived  from  the  reaction  of  an  acid  on 
an  alkali,  and  through  a  definite  relation  between  the  acid  and 
alkalL  The  water  here  taken  for  solution  plays  no  other  part  than 
merely  facilitating  the  progress  of  the  reaction.  This  is  seen  from  the 
^t  that  the  anhydrides  of  the  acids  are  able  to  combine  with  basic 
oxides,  anrl  give  the  same  salts  as  do  the  acids  with  the  alkalis  or 
hydrat<M.  ileric<;,  a  salt  is  a  compound  of  definite  quantities  of  an 
acid  with  an  alkali.  In  the  latter  reaction,  water  is  separated  out  if 
the  sulwtance  fonned  l)e  the  same  as  is  produced  by  the  combination  of 
anhydrous  oxides  t<»gether.*'  Examples  of  the  formation  of  salts  from 
acids  and  bases  are  easily  observed,  and  are   very  often   applied  in 

*'  That  wat4«r  rtmlly  in  M^paraied  in  the  reaction  of  acid  on  alkaline  hydrates,  may  be 
ghown  by  takint;  nonie  other  intermediate  hydrate — for  inctauce,  alumina — instead  of 
water.  'I'hiiM,  if  a  Holution  of  alumina  in  Hulphuric  acid  be  taken,  it  will  have,  like  the 
acid,  an  a<Md  reiu'tion,  and  will  therefore  colour  litmus  red.  If,  on  the  other  hand,  a 
golutibn  of  aliunina  in  an  alkali — for  iuHtance,  x)otaKh — be  taken,  it  will  have  an  alkaline 
reaction,  and  will  turn  red  litniUH  blue.  On  adding  the  alkaline  to  the  acid  solution 
until  neither  an  alkaline  nor  an  acid  reaction  is  produced,  a  salt  is  formed,  conHisting  of 
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I  practice.  If  we  take,  for  instance,  insoluble  magnesium  uxide,  it  is 
Muily  diaaolved  in  sulphuric  acid,  and  on  evaporation  gives  a  saline 
substance,  bitter,  like  nil  the  salts  of  magnesium,  and  familiar  to 
all  under  the  name  of  Epsom  salt*,  used  as  a  purgative.  If  a  solu- 
tion of  caustic  soda- — which  is  obtained,  as  we  saw,  by  the  action  of 
water  on  sodium  oxide— be  poui'ed  into  a  Sask  in  which  charcoal  has 
been  burnt ;  or  if  carbonic  anhydride,  which  is  produced  under  so  many 
circumstances,  be  passed  through  a  solution  of  caustic  soda,  then  sodium 
carbonate  or  soda,  Na,C03,  is  obtained,  of  which  we  have  spoken  several 
times,  and  which  ia  prepureil  on  a  large  scale  and  often  used  in  manu- 
factures. This  re-actioii  is  expressetl  by  the  equation,  2NaH0-|-C0j^ 
NftjCOj  +  HjO.  Thus,  the  various  bases  and  acids  form  an  innumer- 
able number  of  diflerent  salts. '^^  Salts  constitute  an  esaniple  of  definite 
chemical  compounds  which,  both  in  the  histuiy  and  practice  of  science, 

■ulphuric  tiihjdride  and  imtoSiiDiti  oxide.  In  Uiih,  ab  id  IIih  (eaction  of  hydrates,  &n 
inlerniudUte  oxide  it  seiuimled  out — oatnely,  alumiiuk  Its  Bepamtifln  will  be  very 
eridant  in  thin  tMe,  lu  uluminiL  !■  insolnble  in  water.  vrhi]«t  itH  iKimpDandR  with  tha 
acid  and  alkali,  like  the  compound  i>[  an  alhali  with  an  acid— i.f.,n  Bolt — lue  solnble 
in  water,  and  thorotocB  on  mixing  Ihe  HOlutiona  of  alumina  in  an  aoid  and  an  alkali,  it  ia 
precipitated  as  a  gelatinouu  hydrate. 

**  The  mutual  interaction  of  hydrates,  and  their  capacity  of  formiuj;  salte,  may  be 
taken  advantage  of  (or  determining  the  cliaracler  of  such  hydrates  as  are  insoluble  in 
water.  Let  as  imagine  that  a  given  hydrate,  whose  chemical  character  ia  unkuowu,  is 
ineoloble  in  water.  It  is  therefore  impOBBible  to  teat  its  reaotion  on  litmus.  It  is  then 
tuited  with  water,  and  an  acid — for  inatance,  anlpburic  acid — Is  added  to  the  mixture.  If 
the  hydrate  taken  be  basic,  reaetian  will  take  place,  either  directly  or  by  the  aid  of 
heat,  with  the  formation  of  a  salt.  In  certain  cases,  the  resaltutit  sail  is  solable  in 
water,  and  this  will  at  once  show  that  cDmbination  hu  takeu  pisoe  between  the 
insoluble  babic  bydrB.to  aud  the  acid,  with  tlie  fonuation  uf  a  soluble  saline  substanue.  In 
those  cases  where  the  resultant  salt  ia  iuBoluble,  still  the  water  loses  its  acid  reaction, 
and  therefore  it  may  be  ascertained,  by  the  addition  of  an  acid,  whether  •  given 
hydrate  has  a  basJL'  cliuracter,  like  the  hydrates  of  oiide  of  copper,  lead,  &c.  If 
the  acid  does  not  act  oo  the  given  insolable  hydrate  (at  any  temperature),  then 
il  has  not  a  basic  character,  and  it  should  be  tested  aa  to  whether  it  baa  an  aoid 
Cbatacter.  This  is  done  by  taking  an  alkali,  instead  of  the  acid,  and  by  Dbaerving 
whether  the  uokuowu  bydratu  then  dissolves,  or  whether  the  alkaluie  reaction  dis- 
apiiears.  Thus  it  may  be  proved  that  hydrate  of  silica  is  acid,  becanse  it  diasolree  in 
alkalis  and  not  lu  acids.   If  it  be  a  case  of  an  insoluble  intAnnediate  hydrate,  then  it 

instance  in  qnestion,  which  is  soluble  both  in  caustic  potash  and  in  aulpliurio  acid. 
But  it  must  be  remarked  that  intermediate  oiides,  in  an  anhydrous  state,  often 
eiince  great  resistance  to  the  formation  o(  saline  compounds.  Thus  alomiua  or 
alnminium  oxide,  in  the  anhydrous  form  in  which  it  is  met  with  in  iiatote.  and  which 
foTDiH  a  cryslalline  substauue,  is  iueoluble  in  this  form  both  in  solutious  of  alkalis  and 
of  acids,  lu  order  to  convert  it  inte  a  soluble  form,  it  must  be  ground  lute  a  Sue 
powder  and  fused  together  with  oertMU  acid  oomiKjonds,  vrhicb  are  uuohauged  by 
heat,  such  a«  acid  potassium  sulphate. 

The  degret  of  affitiiti/  or  cliemioal  niergy  proper  to  oiides  and  tlieir  hydrates  is  tery 

iuhuilar;  some  eitreme  members  of  the  series  have  it  te  a  great  extent.   When  acting 

1  evil  other  Ihay  evolve  a  large  quantity  of  heal,  and  when  acting  on  intermediate 

'  also  evolve  heat  W  u  eonaidernble  degree,  as  we   saw   in   the   combi. 
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are  most  often  cited  as  confirming  the  conception  of  definite  chemical 
compounds.  Indeed,  all  the  indications  of  a  definite  chemical  combina- 
tion are  clearly  seen  in  the  formation  and  properties  of  salts.  Thus, 
salts  are  produced  with  a  definite  proportion  of  oxides,  heat  is  evolved 
in  their  formation,-^^  and  the  character  of  the  oxides  and  many  of  their 
physical  properties  are  hidden  in  salts.  Thus,  when  gaseous  carbonic 
anhydride  combines  with  a  base  to  form  a  solid  salt,  the  elasticity  of 
the  gas  quite  disappears  in  its  passage  into  the  salt.^^ 

Judging   from   the   above,   a   salt  is  a   compound  of    basic   and 

nation  of  lime  and  sulphuric  anhydride  with  water.  When  extreme  oxides  combine  they 
form  stable  salts,  which  are  difficultly  decomposed,  and  often  show  characteristic  proper- 
ties. The  compounds  of  the  intermediate  oxides  with  each  other,  or  even  with  basic  and 
acid  oxides,  present  a  very  different  case.  However  much  alumina  we  may  dissolve 
in  sulphuric  acid,  we  cannot  saturate  the  acid  properties  of  the  sulphuric  acid,  the 
resulting  solution  will  always  have  an  acid  reaction.  So  also,  whatever  quantity  of 
alumina  is  dissolved  in  an  alkali,  the  resulting  solution  will  always  present  an  alkaline 
reaction. 

*5  In  order  to  give  an  idea  of  the  quantity  of  heat  evolved  in  the  formation  of  salts, 
I  append  a  table  of  data  for  very  dilute  aqueous  solutions  of  acids  and  alkalis,  accord- 
ing to  the  determinations  of  Berthelot  and  Thomsen.  The  figures  are  given  in  major 
calories — that  is,  in  thousands  of  units  of  heat.  Hence,  49  grams  of  sulphuric  tvcid, 
H2SO4,  taken  in  a  dilute  aqueous  solution,  when  mixed  with  such  an  amount  of  a  weak 
solution  of  caustic  soda,  NaHO,  that  a  neutral  salt  is  formed  (when  all  the  hydrogen  of 
the  acid  is  replaced  by  the  sodium),  evolves  15800  units  of  heat.  A  star  signifies  the 
formation  of  an  insoluble  salt. 


NaHO 
KHO. 
NH5  . 
CaO  . 
BaO  . 


49  parts  of 
H,80^ 

.  16-8 

.  16-7 

.  14*6 

.  16-6 

.  18-4' 


63  parts  of 
HNO, 

49  parts  of 

63  TMirt!»  of 
HNO3 

13-7 

MgO  . 

.     15-6 

18-8 

18-8 

FeO    . 

.     12-5 

10-7  (?) 

12-5 

ZnO   . 

.     11-7 

9-8 

18-9 

Fe.,03 

.       5-7 

5-9 

18-9         1 

These  figures  cannot  be  considered  as  the  heat  of  neutralisation,  because  the  water 
here  plays  an  important  part.  Thus,  for  instance,  sulphuric  acid  and  caustic  soda  in 
diuolying  in  water,  evolve  very  much  heat,  and  the  resultant  Hodiuin  sulphate  very  little ; 
oonseqoently,  the  heat  evolved  in  an  anhydrous  state  will  be  different  from  that  in  a 
hydrated  state.  Those  acids  which  are  not  energetic  in  combining  with  the  same  (juoii- 
lity  of  alkalis  as  is  required  for  the  formation  of  normal  salts  of  sulphuric  or  nitric 
acids  always,  however,  give  less  heat.  For  example,  with  caustic  soda :  carbonic  acid 
I^TM  10*2,  hydrocyanic  2*9,  hydrogen  sulphide  3*9.  And  as  feeble  bases  (for  example, 
"B^fys)  also  evolve  less  heat  than  those  which  are  more  powerful,  so  a  certain  general 
OORalation  between  thermochemical  data  and  the  conception  of  the  measure  of  affinity 
dKlWB  itaelf  here,  as  in  other  cases  [see  Chap.  II.,  Note  7),  which  does  not,  however,  give 
mjieaaon  for  judging  of  the  measure  of  the  affinity  which  binds  the  elements  of  salts 
\Kf  the  heat  of  the  formation  of  salts  in  dilute  solutions.  This  is  rendered  especially 
^iBatfrom  the  fact  that  water  is  able  to  decompose  many  salts,  luid  is  separated  in  tlieir 
iofmation. 

**  Carbonic  anhydride  evolves  heat  in  dissolving  in  water.     The  solution  easily  dis- 

podMktfes  and  evolves  carbonic  anhydride,  according  to  the  law  of  Henry  and  DaUon  [set: 

jQhap.  I.,  p.  78).     In  dissolving  in  caustic  soda,  it  either  gives  a  normal  salt,  Na-..C03, 

bich  does  not  evolve  carbonic  anhydride,  or  an  acid  salt,  NaHCOs,  which,  in  disso- 
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acid  iixidea,  or  tlie  result  of  the  action  of  hjdrates  of  these  clnsses 
on  each  other,  with  sepuratioii  of  water.  But  salts  iiiay  be  obtained 
by  other  methotts.  Let  ua  not  forget  that  basic  oxides  are  foraied 
by  metals,  and  acid  oxides  often  by  non-metals.  But  metals  and 
non-metal!!  are  capable  of  combining  together,  and  a  salt  is  frequently 
formed  by  the  oxidation  of  such  a  compound.  For  example,  iron  very 
easily  combines  with  sulphur,  forming  iron  sulphide  (as  we  saw  in  the 
Introduction) ;  this  in  air,  and  especially  moist  air,  absorbs  oxygen, 
with  the  formation  of  the  same  salt  as  may  be  obtained  by  the  combina- 
tion of  the  oxides  of  iron  and  sulphur,  or  of  the  hydrates  of  these 
oxides.  Hence,  it  cannot  be  said  or  supposed  that  a  salt  contains 
the  principles  of  the  oxides,  or  that  a  salt  must  necessarily  contain  two 
kinds  of  oxide^s  in  itself.  The  same  conclusion  may  be  arrived  at  by 
investigating  the  different  other  methods  of  the  formation  of  salts— 
thus,  for  instance,  many  salts  enter  into  double  decomposition  with  the 
metals,  in  which  case  the  acting  metal  replaces  that  which  originally 
occurred  in  the  salt.  As  we  saw  in  the  Introduction,  iron,  when  placed 
in  a  solution  of  copper  sulphate,  separates  out  the  copper,  and  forms' 
an  ii'on  salt.  Thus,  the  derivation  of  salts  from  oxides,  is  only 
one  of  the  methods  of  their  preparation,  there  being  many  others, 
and,  therefore,  it  cannot  be  affirmed  that  a  salt  is  simply  the  compound 
of  two  oxides.  We  saw,  for  instance,  that  tn  sulphuric  acid  it  was 
possible  to  replace  the  hydrogen  by  zinc,  and  that  by  this  meanit  zinc 
sulphate  was  formed  ;  so  likewise  the  hydrogen  in  niany  other  acids 
may  be  replaced  by  zinc,  iron,  potassium,  sodium,  and  a  whole  series  of 
similar  metals,  corresponding  salts  being  obtained.  The  hydrogen  in 
the  water  of  the  acid,  in  this  case,  is  exchanged  for  a  metal,  and  a  salt 
is  obtained  from  the  hydrate.  In  this  sense  of  a  salt  it  may  be  said, 
that  a  salt  is  an  acUl  in  which  hydrogen  in  replaced  by- a  metnl.  Such 
a  detinitiou  will  be  much  more  exact  than  that  previously  given,  for  it 
refers  directly  to  elements  and  not  to  their  compounds  with  oxygen. 
It  fihou's  that  a  salt  and  an  acid  are  essentially  compounds  of  the  same 
series,  with  the  difference  that  the  latter  contains  hydrogen  and  the 
iormer  a  metal.  Such  a  definition  is  still  more  exact  than  the  first 
inition  of  salts  in  respect  to  its  referring  likewise  to  those  acids 
ich  do  not  cnntjLin  oxygen,  and,  as  we  shall  afterwards  learn,  there 
a  serien  of  such  acids.     Such  elements  a.a  chlorine  and  bromine  form 

'es  carbonic  uibydriile.  The  ume  gas.  when  diBaolrEd  in  Bolnticnu  of  aolta, 
'  theuUier  msiiDcr  {srr.  CliBp.  II.,  Nate  BB).  Here  it  i>  Been  wlut  a  eacceuiva 
eiiats  between  cniupounda  of  a  different  order,  between  sab- 
different  degrees  of  alability.  Were  solutions  distinctly  separated  [rom 
iponnds,  we  should  not  be  able  lo  aae  thoM  natural  truiHitions  which  exist 
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compounds  with  hydrogen,  in  which  the  hydrogen  may  be  replaced  by 
a  metal  forming  substances  which,  in  their  reactions  and  external 
characters,  resemble  the  salts  formed  from  oxides.  Table  salt,  NaCl, 
is  an  example  of  this.  It  may  be  obtained  by  the  replacement  of  hydro- 
gen in  hydrochloric  acid,  HCl,  by  the  metal  sodium,  just  as  sulphate 
of  sodium,  NajSOj,  may  be  obtained  by  the  replacement  of  hydrogen 
in  sulphuric  acid,  H2SO4,  by  sodium.  The  exterior  appearance  of  the 
resulting  products,  their  neutral  reaction,  and  even  their  saline  taste, 
show  their  mutual  resemblance ;  as  the  acid  reaction,  the  property  of 
saturating  bases,  the  capacity  of  exchanging  their  hydrogen  for  some 
metal,  and  the  acid  taste,  show  the  common  properties  belonging  to 
hydrochloric  and  sulphuric  acids. 

To  the  fundamental  properties  of  salts  yet  another  must  be  added — 
namely,  that  they  are  more  or  less  decomposed  bi/  the  action  0/ a  galvanic 
current.  The  results  of  this  decomposition  are  very  different,  accord- 
ing to  whether  the  salt  be  taken  in  a  fused  or  dissolved  state.  But 
the  decomposition  may  be  so  represented,  that  the  metal  appears  at  the 
*  electro-negative  pole  (like  hydrogen  in  the  decomposition  of  water,  or 
its  mixture  with  sulphuric  acid),  and  the  remaining  parts  of  the  salt 
appear  at  the  electro- positive  pole  (where  the  oxygen  of  water  appears). 
If,  for  instance,  an  electric  current  acts  on  an  aqueous  solution  of  sodium 
sulphate,  then  the  sodium  appears  at  the  negative  pole,  and  oxygen 
and  the  anhydride  of  sulphuric  acid  at  the  positive  pole.  But  in  the 
solution  itself  the  result  is  different,  for  sodium,  as  we  know,  decom- 
poses water  with  evolution  of  hydrogen,  forming  caustic  soda ;  conse- 
quently hydrogen  will  be  evolved,  and  caustic  soda  appear  at  the 
negative  pole  :  while  at  the  positive  pole  the  sulphuric  anhydride 
immediately  combines  with  water  and  forms  sulphuric  acid,  and  there- 
fore oxygen  will  be  evolved  and  sulphuric  acid  formed  round  this 
pole.'^'^  In  other  cases,  when  the  metal  separated  is  not  able  to  decom- 
pose water,  it  will  be  deposited  in  a  free  state.  Thus,  for  example,  in 
the  decomposition  of  copper  sulphate,  copper  separates  out  at  the 
cathode,  and  oxygen  and  sulphuric  acid  appear  at  the  anode,  and 
if  a  copper  plate  be  attached  to  the  positive  pole,  then  the  oxygen 
evolved  will  oxidise  the  copper,  and  the  oxide  of  copper  will  dissolve  in 
the  sulphuric  acid  which  is  formed  around  this  pole  ;  hence  the  copper 
will  be  dissolved  at  the  positive,  and  deposited  at  the  negative,  pole — 

**  This  kind  of  decomposition  maybe  easily  observed  by  pouring  a  solution  of  sodium 
sulphate  in  a  U-shaped  tube  and  inserting  electrodes  in  both  branches.  If  the  solution 
be  coloured  with  an  infusion  of  litmus,  it  will  easily  be  seen  that  it  turns  blue  round  the 
electro-negative  pole,  owing  to  the  formation  of  sodium  hydroxide,  and  red  at  the 
electro-positive  pole,  from  the  formation  of  sulphuric  acid. 
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that  is,  a  transfer  of  copper  from  the  positive  to  tiie  negative  pole 
ensues.  The  gaivanopkstic  art  ( elect rotyping)  is  ba^ecl  on  this 
principle.'^  Therefore  the  most  radical  and  general  properties  of  salts 
(including  also  such  »ilts  as  table  salt,  which  contains  no  oxygen)  maj 
be  expressed  by  representing  the  salt  as  composed  of  a  metal  M  and  a 
haloid  X — that  is,  by  expressing  the  salt  by  MX.  In  common  table 
salt  the  inebil  is  sodium,  and  the  haloid  an  elementnry  body,  chlorine. 
In  sodium  sulphate,  NajSO,,  sodium  is  again  the  metal,  but  the 
complex  group,  SO,,  is  the  haloid.  In  sulphate  of  copper,  CuSO,,  the 
metal  is  copper,  and  the  haloid  the  same  as  in  the  preceding  salt. 
Such  a  representation  of  salts  expresses  with  great  simplicity  the 
ca/MKity  of  eoeri/  salt  to  enter  into  saline  double  decmn/jositiont  with 
othfr  salts ;  consisting  in  the  mutual  replacement  of  the  metals  in  the 
aalte.  This  exchange  of  their  metals  forms  the  funtlamental  property 
of  salts.  If  there  be  two  salts  with  different  metiils  and  haloids,  and 
they  be  in  solution  or  fusion,  or  any  other  manner,  brought  into  con- 
tact, then  the  metals  of  these  salts  will  always  partially  or  wholly 
exchange  places.  If  we  designate  one  salt  by  MX,  and  the  other  by 
NY,  then  we  either  partially  or  wholly  obtain  from  them  new  salts, 
MY  and  NX.  Thus  we  saw  in  the  Introduction,  that  on  mixing 
solutions  o£  table  salt,  NaCl,  and  silver  nitrate,  AgNO,,  a  white 
insoluble  precipitate  of  silver  chloride,  AgCt,  is  formed,  and  a  new  salt, 
sodium  nitrate,  NaNOj,  is  obtained  in  solution.  If  the  metals  of  salts 
exchange  places  in  reactions  of  double  decomposition,  it  is  clear  that 
metals  themselves,  taken  in  a  separate  state,  are  able  U)  act  on  salts,  as 
Kinc  evolves  hydrogen  from  acids,  and  as  iron  separates  copper  from 
copper  sulphate.  \Vben,  to  what  extent,  and  which  metals  displace  each 
other,  and  how  the  metals  are  distributed  between  the  haloids,  all  this  we 
will  discuss  later  on,  guided  by  those  reflections  and  deductions  which 
BerthoIIet  introduced  into  the  science  at  the  beginning  of  this  cen- 
tury. 

According  to  the  above  observations,  an  acid  is  nothing  more  than 
a  salt  of  hydrogen.      Water  itself  may  be  looked  on  as  a  salt  in  which 

"  In  other  cuei  the  decompotition  oF  ulta  b;  the  electric  cuireDt  nuiy  be  accnm- 
puiied  by  much  more  complei  resnlts.  Thus,  when  the  metal  of  the  ult  ii  capable  of  a 
higher  degree  of  oxidation,  auch  a  higher  oxide  may  be  formed  at  the  poAitive  pole  by 
the  Olygen  whioh  is  evolred  there.  This  takes  place,  for  instance,  in  the  decomposition 
of  lalts  of  ailTcr  and  manganese  by  the  galvanic  curront,  peroiidfls  of  Iheie  metals  being 
formed.  If  the  iDetnl  eeparated  at  the  negative  pole  act«  on  a  wll  occurring  in  the 
solntion,  then  it  may  do  so  at  this  pole,  and  in  this  manner  the  phenomena  of  the  action 
of  a  current  on  a  suit  are  in  many  cages  rendered  remarkably  complicated.  Bnt  all  the 
phenomena  as  yet  known  may  be  expressed  by  the  above  law — that  the  current  deoom- 
poses  aalts  into  metals,  which  appear  at  the  negative  pole,  and  into  the  remaining  ooni' 
poaent  puts,  which  appear  at  the  positive  polo. 
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the  hydrogen  ia  combined  with  citlier  oxygen  or  the  aqueous  radicle, 
OH  ;  water  will  then  be  HOH,  and  alkalies  or  basic  hydrates,  MOH. 
The  group  OH,  or  the  aqueous  ifii/icle,  otherwise  called  hydroxy},  may 
be  looked  on  as  a  haloid,  like  the  chlorine  in  tikble  salt,  not  only  because 
the  element  CI  and  the  group  OH  very  often  change  places,  and  com- 
bine with  one  and  the  same  pleraent,  but  also  because  free  chlorine  is 
very  similar  in  many  respects  and  reactions  to  peroside  of  hydrogen, 
which  is  the  same  in  composition  as  the  aqueous  rudicle,  as  we  shall  after- 
wards see.  Alkalis  and  basic  hydrates  are  also  salts  consisting  of  a 
metaj  and  hydroxy  1 — for  instince,  caustic  soda,  NaOH  ;  this  ia  therefore 
termed  sodium  hydroicide.  According  to  this  view,  aeid  saltn  are  those 
in  which  a  portion  only  of  the  hydrogen  is  replaced  by  a  metal,  and  a 
portion  of  the  hydrogen  of  the  acid  remains.  Thus  sulphuric  (HiSO^) 
aciil  with  sodium  not  only  gives  the  normal  salt  Na.jSO,,  but  also  an 
acid  salt,  NaHSO,.  A  basic  salt  is  one  in  which  the  metal  is  com- 
bined not  only  with  the  haloids  of  acids,  but  also  with  the  ai^ueous  radicle 
of  basic  hydrates — for  example,  bismuth  gives  not  only  a  normal  salt 
of  nitric  acid,  Bi(NO.,)„  but  also  basic  salts  like  Bi{0H)j(N03).  As 
basic  and  acid  salts  corresponding  with  the  oxygen  acids  contain 
hydrogen  and  oxygen,  they  are  therefore  able  to  part  with  these  as 
water  and  to  give  anh yd ro- salts,  which  it  is  evident  will  be  equal  to 
compounds  of  normal  salts  with  anhydrides  of  the  acids  or  with  bases. 
Thus  the  above-mentioned  acid  sodium  sulphate  corresponds  with 
the  anhydro-salt,  NajS,0„  equal  to  2NaHS0„  less  H^O.  The  loss 
of  water  is  here,  and  frequently  in  other  cases,  brought  about  by 
heat  alone,  and  therefore  such  salts  are  frequently  termed  jiyro-sallii- — 
for  instance,  the  preceding  is  sodium  pyrosulphate  {Na,SjO;),  or  it  may 
be  regarded  as  the  normal  salt  Na,80^  +  sulphuric  anhydride,  SOj. 
Double  salts  are  those  which  contain  either  two  metals,  KA](SO,)o,  or 
two  haloids.'" 

>'  The  nboTe-BnunPialwl  geDerBUgotion  of  tho  ooncopUon  of  salts  as  ooiiiiiound^  i.f 
the  Dietiila  (Huaple,  or  compoDTii)  lilce  UDinoniiitn,  NH,).  with  the  haloiilH  laimple,  like 
cfatorine,  or  compoaod,  like  pyuiogeu,  CN,  or  the  ndiole  o(  aulphuiic  aoid.  SOj|,  cKgrnljlti 
of  enlflriiig  into  doable  wline  deoomposition,  which  ia  in  accordance  with  tliu  gi-tii-rvl 
d«la  respvcliiig  eoltn,  wan  only  formed  tittle  hj  little  aft«F  a  racceBAion  of  ino^t  FUried 
proptwitiona  lu  to  the  c^hemical  atmcture  of  aalls. 

3ikltB  belaiiK  to  the  elaaa  uf  aubatuicea  which  have  long  been  known  in  practice,  and 
therefore  were  atndied  in  man}'  reapects  fioin  very  (ar  buck.  At  first,  honever,  nu  din- 
tinction  waa  made  between  the  conceptions  of  salts,  acida.  and  baaea.  QUaber  prepared 
mall)'  artificial  aatls  during  the  latter  half  of  the  aerenteenth  century.  Up  to  that  time 
tlie  majority  of  salts  were  obtained  from  aatiual  HonrceB.  and  that  salt  which  we  hare 
already  mentioned  several  timea — namely,  sodimn  snlphste — waa  named  Qlanber'n  salt 
after  thia  chemist.  Souellediatinguithed  normal,  acid,  uid  basic  aalts,  and  showed  their 
action  on  regeUble  dyea,  atill  he  Donfuundedmanysalta  with  acids  (by  the  way,  we  ODght 
DOW  to  call  every  acid  aalt  an  aeid,  beoDae  it  contains  hydrogen,  which  may  be  replaced 
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Inasmuch  as  oxygen  compounds  predoniiiiate  in  nature,  it  ahoQld 
l>e  expected,  from  what  lias  been  said  above,  that  the  occurrence  of' 
Baits,  rather  than  of  acids  or  liases,  would  be  most  frequent  in  nature,' 
for  the  latter  on  meeting,  especially  under  the  medium  of  the  all-per- 

b)F  meUlB — thnt  [>,  it  i»  tb«  h^drtigcn  of  nn  aeij).  Bantn^  di«put«l  RoubUc'b  npinioa^ 
roDserninK  the  aubdiviBJon  of  salt*,  contendiug  that  normiil  mIIi  only  <ae  troe  nolts,  uifli 
that  basic  ults  aro  (imple  miittirpB  of  aormol  ults  with  bues  uid  acid  wild  witlt  auida^ 

middle  of  the  hiat  oentary,  honerer,  tendered  a  gieat  servi»  lo  the  itady  of  salts  andl 
the  dilluBina  at  knowledge  lenpocting  this  alaaa  of  tompounda  in  his  altnctiTe  lectures,, 
He.  like  the  majority  of  the  chemists  of  tlis.t  period,  did  not  emplo;  Ihe  lialailue  in  hia. 
researches,  hot  satiifled  himself  with  pnrely  qaalitatire  data.  The  first  [|iiBnlitstiv« 
nswareheB  on  salts  were  cairiRil  on  h;  Wenxel  about  this  time.  He  was  tlie  director  at] 
the  Freilmi^  mines,  in  Saxony.  Wenzel  studied  the  double  decompoHitioii  of  salts,  imdi 
he  observed  that  in  the  doable  decomposition  of  neutral  salts  ■  neatral  u1t  wwi  atwaya 
obtained.  Heprored.bya  method  of  weiKhinK.  that  this  ia  due  to  the  fact  that  the  satara> 
lion  of  a  jriven,quantity  of  ■  ba«e  requires  such  relative  quantities  of  diflerent  acids  as  ars' 
capable  of  aiCurating  erery  other  base.  Having  taken  two  neutral  snlla — for  exiunple,  ■ 
sod  into  sulphate  and  colcimn  nitrate— let  as  mii  their  solutions  tonelher.  Donblsi 
decomposition  takes  place,  because  the  almost  insoluble  calciam  Bulphale  is  formed. 
However  much  we  might  add  o(  each  of  the  saits,  the  neutral  rvaction  will  still  be  pte- 
seryed.  conseqaeutly  the  neutral  chnracler  of  the  salts  is  not  destroyed  by  the  intei- 
change  of  metals;  that  is  to  say,  that  quantity  of  anlpbaric  acid  which  ealurated  the 
Bodiom  ia  sutScient  for  the  wttaration  of  the  caJcium,  and  that  amonnt  o(  nitric  acid 
which  saturated  the  calcium  is  eooagh  to  saturate  the  sodium  cont«ined  in  combination 
with  aulpbnric  acid  in  sodium  sulphate.  Wentel  waa  even  convinced  that  matter  doe* 
not  disappear  in  nature,  and  on  lhi>.  principle  be  corrects,  in  his  Doctrinr  of  Affinilg, 
the  resalte  ol  his  experiments  when  he  remarked  that  he  obtained  lew  than  be  had  origj. 
n&lly  taken.  Although  Weoiel  deduDcd  the  law  of  tlie  double  decompoution  of  ults ' 
quite  oorrectly,  he  did  not  determine  those  quantities  in  which  acids  and  bases  act  on 
each  other.  This  was  done  qnite  at  the  end  of  the  last  century  by  Richter.  He  deter- 
mined the  quantities  by  weight  of  the  baseii  which  saturate  acids  (uid  of  the  acidn  which 
wtunite  baaes,  and  he  obtained  comparatively  correct  reiulta,  although  hia  conclusions 
were  not  correct,  for  he  states  that  the  qnantlty  of  a  base  aatnrating  a  given  acid  variea 
in  arithmetical  progression.  »nd  the  quantity  of  an  acid  saturating  a  given  base  in  geo- 
metrical progression.  Richter  studied  the  deposition  of  metala  from  their  salta  by  other 
metals,  and  obsetred  that  the  neutral  reaction  of  the  solution  is  not  destroyed  by  this 
exchange.  He  also  determined  the  quantities  by  weight  of  the  metala  replacing  one 
annther  in  salts.  He  showed  that  copper  displaces  silver  from  its  salts,  and  that  zinc 
displaces  copper  and  a  whole  series  of  other  metals.  Those  quantities  of  metals  which 
were  capable  of  replacing  one  another  irere  termed  oquivalents, 

Bichter's  teaching  found  no  followers,  because,  although  he  fully  believed  in  the  dis- 
covsries  of  Lavoisier,  yet  he  still  held  to  the  phlogistic  reasonings  which  rendered  hia 
expositions  very  obscure.  The  works  of  the  Swedish  savant  Bereelios  freed  the  facta 
diacovereil  by  Weniel  and  Richter  from  the  obacntity  of  former  conceptions,  and  led  to 
their  being  expkined  in  accordance  with  Lavoisier's  views,  and  in  the  sense  of  the  law 
of  multiple  proportions  which  had  already  been  diacovered  by  Dalton.  On  applying  to 
salts  those  oonclnaions  if  hich  Benelius  arrived  at  by  a  whole  series  of  researches  of  ro- 
markaUe  accuracy,  we  are  obliKed  to  acknowledge  the  following  Uw  of  eqoivatente — 
onr  part  liy  weiifhl  o/  hydrogen  in  hh  acid  it  rtplaceti  Ui/  Ihr  corraponding  equinalenl 
weiglit  a/  any  mclal;  and,  therefore,  when  ineUls  replace  each  other  their  weights  are  ia 
the  same  ratio  as  their  equivalents.  Thus,  for  instance,  one  part  by  weight  of  hydrogen 
i*  replaced  by  3S  parta  nf  aodiom,  39  parte  of  potHKaium,  13  parts  of  magneiiuro,  30  parts 

voii.  t. 
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*.-*i|iii>^  waf^ir,  form  Haltn.  And.  inrleed.  salts  ar«*  found  ev^'pywhere 
III  nri(iin\      lu  aniiiialB  and  plants  they  ricrrur.  although  in  hut   small 

.  »  •  i4liiiiiii.'lM|mrtKof  iron,  l<»h  pnrtMof  Hilv*»r.  33»  i>iirtrt  '»f  zinc.  .v:«-.:  aivl  tlitfrefore.  if  zint* 
•-k  |'liii<iiH  Ki I  vi*r,  tlifii  ;C{  fmilA  of  ziiir  will  rak*>  tlu'  plan'  nf  lit>«  part"^  of  -ilrtfr.  or  -Hi  parts 
.-«  r>ii«   will  l>H  fiiilmtifiiU^rl  l>y  *2i\  piirt't  tif  Hodinm.  itr. 

rin'  ilortriiw  of  ♦•'^^l^val*•Ilt.^  wonlri  l*  preritw  ami  nimpl**  <ii(l  «-vfrry  metiil  only  jrivp 
•■4w-  iiMih-  or  otu:  Halt.  It  ih  rantihrftd  nompliour4ff1  from  the  fat:t  that  many  metals  form 
*»-«t>iHl  MkjilfH,  anil  rouHf^qiiently  offer  differf^nt  H'luivalent;)  in  tht>:r  tiifftrrent  rle}n*(.'«?<^  '*f 
•^-^itlaltitii.  For  example  ther«%  at*t  ox iden  containing;  iron  in  which  itH  (^(nivalent  is 
^— llitH  in  in  the  Nalta  form«*d  h}' the  i«al>oxi(le  ;  ami  there  in  another  !<er>s  of  saltr* 
III  wliirli  tlif  i'<|uival*fnt  of  iron  efpialn  lHi<— which  contain  leM^  iron,  and  cimse- 
•|Mi*iifl.v  m«»rN  oiytc^n,  And  correspond  with  a  hijfher  de^ee  of  o::idation — ferric 
oxtilf  II.  irt  tri»«  that  the  former  Halt*  are  ea««ily  formed  by  the  direct  a^^tion  of 
mftitllic  iron  on  acidit,  and  the  latter  only  by  a  further  oxidation  of  the  conipoand 
f>rined  idreiuly;  but  thiH  im  not  alwayH  vo.  In  the  case  of  copper.  niercur>'.  and 
tin.  iindiT  different  circnmntanceH.  there  are  formed  •wit-*  which  correnpond  with 
•liffi'ii'nl  (U'ifTM'M  of  oxidation  of  thewe  nietali*,  and  many  metaU  have  two  equivalents 
III  their  different  iMilt«»— that  i^,  in  wiilts  correnpondinj?  with  the  different  degrt^es  of 
•»li|rt(ioii.  ThiiH  it  ia  inifHrnnible  in  endow  every  metal  with  one  definite  equivalent 
«eiKli(.  Therefore  the  con<ej»tifm  of  er{nivAlentA,  while  playinj^  an  imjortant  ^nirt 
fn»ni  an  lilHU»rical  jKjint  r»f  view,  apfiear«,  with  a  fuller  Ktndy  of  chemistry,  to  be  but  an 
tncldiMilal  conception,  HulKirdinate  U*  a  higher  one,  with  wjiich  we  shall  afterwards 
Imh'omic  acquainted. 

The  fate  of  the  thw>retical  view*  of  chemiatry  was  for  a  lonjf  time  bound  up  with 
Ihe  liiHiiiry  of  Halln.  The  clearest  repreaentation  of  thin  subject  date?,  back  to 
iM^oisier,  and  was  very  wverely  develof>ed  by  Berzelins.  This  reprecientation  is  called 
the  hhini'ii  theory.  All  compounds,  and  especially  salts,  are  repres^rnted  as  consistinj; 
of  IWM  purts.  Halts  are  rejireMmted  as  a  compf>und  of  a  Umic  oxide  (a  ba«»e)  and  an 
ttf'id  'that  is,  un  anhydrid#»  of  an  a<:id,  then  termed  an  acid),  whilst  hydrates  are  repre- 
MHitleil  as  compounds  of  anhydrous  oxides  with  water.  They  emplf>yed  »uch  an  expres- 
aion  noi  only  to  fleiiot^*  the  most  usual  method  of  formation  of  these  substances  (which 
wiiiild  Isi  quit««  true;,  but  also  to  express  that  internal  distribution  of  the  elements  by 
whii-ii  Miey  proponed  to  ex]>lain  all  the  pro)>erties  of  these  substances.  They  gupi>osed 
ei)p|M>r  sutphiile  to  contain  two  most  intimate  comiwment  parts— copi>er  oxide  and 
aiiiphnric  iiiihydridi'.  This  isan  hyi>othesis.  It  arose  from  the  m»-called  rleriro-chemirnl 
hy/tofhtitiH,  which  supisiwd  tlw  two  component  parts  to  Im»  held  in  mutual  union, 
liecanse  oni*  component  (th«»  anhydride  of  the  a<'id)  has  electro- nejjative  properties,  and 
the  other  (1  he  base  in  salts)  ehM*tro.]>ositive.  Both  parts  are  attracted  toj;ether.  like 
Nubsbinres  haviuK  op]Hmiti>  electrical  char^CH.  But  as  the  decomiK>sition  of  salts  in  a 
atat^'  of  fusion  by  »n  ehn-tric  curn'ut  always  jfives  a  metal,  therefore  the  representation 
of  till*  j'ftnstilution  nn«l  dec«imposition  of  salts,  called  the  hijdrofirii  ///con/ of  acids,  is 
more  probiible  than  Unit  cimsiderinjf  salts  as  nnide  up  of  a  base  and  an  anhydride  of 
All  will.  Bvil  the  hydroj^en  theory  of  acids  is  also  a  binary  hyivothesis.  and  does  not 
flveii  rontnulii-l  the  elect n»-chemical  liyiM)thesis,  but  is  rather  a  mmlification  of  it. 
Tlie  blnnry  tlii'ory  drtt^»s  from  UoUell«»  and  Tjavoisier.  th<'  eh»ctro-chemical  re]»resent«tion 
miA  d«'vel«»ped  with  jrn»at  jwwer  by  Ber/.elius,  and  the  hydroj;en  theory  of  acids  is  due 
to  Diiv>  ami  Iiiebii;. 

Thi'»e  hypothetical  representations  sim)>1itled  and  p'neraliscd  the  study  of  a  coni- 
plicaleil  cnbjccl.and  K"»^''*  nupport  to  nr>runu»nts.  but  when  salts  were  in  question  it 
wna  equnUy  ciMnt»nient  to  follow  one  or  the  other  of  these  hypotheses.  But  these 
tlieorie>*  were  broujiht  to  bear  on  all  othi»r  substances,  on  all  coniponnd  substances, 
Thosi*  boliliui:  thi»  binary  ami  elect ro-cheniical  hypotheses  searched  for  two  anti-]>olar 
compnneut  parts,  and  iMidi'rtMMirod  to  exprt»ss  the  pn»cess  of  chemical  reactions  by  electro- 
cliemii'rtl  •>"•'  «iimilrtv  ditTertMu*es.     If  zinc  noplaces  hydn»^'en.  they  concluded  that  it  is 
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iiinonnt,  beiAuse,  ns  forming  the  IftSt  stage  of  chemical  reaction,  they 
are  capahle  of  onlj-  a  few  cliemicnl  transformations,  thf  energy  of  tha 
elements  being  evolved  (passing  into 'heat;  both  in  the  fomiation  of 
oxides  and  in  their  mutual  combinations;  hence  in  ^ts  there  re- 
maiiia  but  little  energy.  Organisms  are  bodies  in  which  a  series  of 
uninterrupted,  varied,  and  active  chemical  ti-ansformations  proceed, 
whilst  salts,  which  only  enter  into  doulile  decom positions  between 
each  other,  are  incapable  of  such  changes.  But  organisms  always 
contain  salts.  Thus,  for  instance,  bones  contain  calcium  phosphate, 
the  juice  of  grapes,  potassium  tartrate  (cream  of  tartar),  certain 
lichens,  calcium  oxalate,  and  the  shpUs  of  mollusca,  calcium  car- 
bonate, Ac.  As  regards  water  and  soil,  portions  of  the  earth  in 
which  the  chemical  processes  are  less  active,  they  are  full  of  salts. 
Thus  the  waters  of  the  oceans,  and  all  others  (Chap.  I.),  abound  in 
salte,  and  in  the  soil,  in  the  rocks  of  the  earth's  crust,  in  thfl  up- 
heaved lavas,  and  in  the  falling  meteorites  the  aalta  of  silicic  acid,  and 

mure  clectro-pOHitive  ttiiui  li}-ilrogeti ,  whilst  they  forgot  that  hydrogen  may,  under  differeut 
oirtnmBlMiceBi  displaio  «ini — lor  LnBtttoce,  at  a  red  heat.  Chlorine  andoiygen  were  con- 
sidered aa  being  of  opposite  jtohirity  to  hydrogea  because  they  eaalycmabine  with  It,  wbiJBt 
one  and  the  other  are  capable  ol  replacing  hydrogen,  and.  what  ie  very  cliamcteriBtic,  in 
the  replacement  of  hydrogen  by  chlorine  iu  csurbon  componndB,  not  only  doe*  the 
obemioJ  character  often  retnain  unnltered,  bat  eren  the  eitemal  form  reiiiainB  on- 
cbuiged,  as  Lcnrent  and  Dumas  demonstrated.  These  considerations  undermine  the 
biliary  theory,  and  especially  the  electro-cliemical  Bygtem,  An  eipUnation  of  known 
reactionB  then  began  to  be  sought  tor  not  in  the  difference  of  the  polarity  of  the 
different  substances,  but  in  the  joint  influenceB  of  all  the  elements  ou  the  properties  of 
the  compound  formed.     Thi«  is  the  reverse  of  the  preceding  hypotheses. 

This  reversal  was  not,  however,  limited  to  the  deslraclion  of  the  tottering  tonnda- 
tions  of  the  preceding  theory  ;  it  projecled  a  new  doctrine,  and  laid  the  foundation  for 
the  whole  contemporary  direction  of  our  science.  This  doctrine  may  be  termed  tlia 
unitary  theory — that  is,  it  ie  such  as  strictly  acknowledges  the  joint  influences  of  the  ele- 
ments in  a  ooiDpoand  substance,  denies  the  etislence  of  separate  and  contrary  coniponeuts 
in  tbem,  regardu  copper  sulphate,  fur  instsnce,  as  a  strictly  definite  compound  of  copper, 
mlphnr,  and  oxygen:  then  seeks  for  compounds  which  are  analogoDBin  their  properties, 
and,  placing  them  side  by  side,  endeavoors  to  express  the  influence  of  each  element  on 
the  united  properties  of  its  compound.  In  the  majority  of  cases  it  arrives  at  systeiiis  of 
consideration  Bimilar  to  those  which  are  obtained  by  Che  above-mentioned  hyjwtheses 
but  in  certain  special  cases  the  conclusions  of  the  unitary  theory  are  in  entire  opposition 
to  the  binary  theory  and  its  oonseqaences.  Cases  of  this  kind  are  most  often  met  with 
in  the  couaideration  of  compoandi  ol  a  more  complex  nature  than  salts,  especially 
organic  componnds  containing  hydrogeu.  Bat  it  is  not  in  this  revolution  from  an 
artifidal  to  a  natural  syitteni,  ini|iorlant  as  it  is.  that  the  chief  service  and  strength  of 
Uw  onilSkTy  doethne  lies.  By  a  simple  review  of  the  vast  store  of  data  regarding  thu 
reaotioDB  of  typical  substances,  it  succeeded  from  its  flrsl  appearance  in  estublishing  ■ 
new  and  important  law,  it  mtroduced  a  new  conceptiou  into  science — namely,  the 
conception  of  molecules,  with  which  we  shall  soon  become  aciguaitited.  The  deduction 
of  the  law  and  of  the  conception  of  molecules  has  been  verified  by  facts  in  a  number  ol 
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especially  its  double  salt  of  potassium  and  aluminium,  predominate. 
Saline  substances  also  make  up  the  composition  of  those  limestones 
which  often  form  mountain  chains  and  whole  tliicknesses  of  the  earth's 
strata,  these  consisting  of  calcium  carbonate,  CaCOg. 

Thus  we  have  seen  oxygen  in  a  free  state  and  in  various  compounds 
of  different  degrees  of  stability,  from  the  unstable  salts,  like  Berthollet's 
salt  and  nitre,  to  the  most  stable  silicon  compounds,  such  as  exist  in 
granite.  We  saw  an  entirely  similar  gradation  of  stability  in  the  com- 
pounds of  water  and  of  hydrogen.  In  all  its  aspects  oxygen,  as  an 
element,  as  a  substance,  remains  the  same  in  itself  in  the  most  varied 
chemical  states,  just  as  a  substance  may  appear  in  different  physical 
(aggregate)  states.  But  our  notion  of  the  immense  variety  of  the 
chemical  states  in  which  oxygen  can  occur  would  not  be  completely 
understood  if  we  did  not  make  ourselves  acquainted  with  it  in  the 
form  in  which  it  occurs  in  ozone  and  peroxide  of  hydrogen.  In  these 
it  is  most  active,  its  energy  seems  to  have  increased.  Tlien  the  fresh 
aspects  of  chemical  correlations,  and  the  variety  of  the  forms  in  which 
matter  can  appear,  stand  out  clearly.  We  will  therefore  consider  these 
two  substances  somewhat  in  detail. 
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CHAPITER  IV 

OZONE   AND   HYDROGEN   PEROXIDE.      DALTON^S   LAW 

Van-Marum,  during  the  last  century,  observed  that  oxygen  in  a  glass 
tube,  when  subjected  to  the  action  of  a  series  of  electric  sparks,  acquired 
a  peculiar  smell  and  the  property  of  combining  with  mercury  at  the 
ordinary  temperature.  This  was  afterwards  confirmed  by  a  number  of 
fresli  experiments.  Even  in  the  simple  revolution  of  an  electrical 
machine,  when  electricity  diffuses  into  the  air  or  passes  through  it,  the 
peculiar  and  characteristic  smell  proper  to  ozone,  proceeding  from 
the  action  of  the  electricity  on  the  oxygen  of  the  atmosphere,  is 
recognised.  In  1840  Prof.  Schonbein,  of  Basle,  turned  his  attention 
to  this  odoriferous  substance,  and  showed  that  it  is  also  formed, 
with  the  oxygen  evolved  at  the  positive  pole,  in  the  decomposition  of 
water  by  the  action  of  a  galvanic  current ;  u  the  oxidation  of  phos- 
phorus in  damp  air,  and  also  in  the  oxidation  of  a  number  of 
substances,  in  consequence  of  which  it  is  found  in  the  atmosphere, 
although  it  is  distinguished  for  its  instability  and  capacity  for  oxidis- 
ing other  substances.  The  characteristic  smell  of  this  substance  (which 
is  always  mixed  ^vith  unaltered  oxygen)  gave  it  its  name,  from  the  Greek 
o^w,  *  to  emit  an  odour.'  Schonbein  pointed  out  the  characteristic  pro- 
perties of  ozone,  and  especially  its  power  of  oxidising  many  substances, 
even  silver,  acting  like  oxygen,  but  with  this  difference — that  there  are 
a  number  of  substances  on  which  oxygen  does  not  act  at  the  ordinary 
temperature,  whilst  ozone  does  so  very  energetically.  It  will  be 
enough  to  point  out,  for  instance,  that  it  oxidises  silver,  mercury, 
charcoal,  and  iron  with  great  energy  at  the  ordinary  temperature.  It 
might  be  thought  that  ozone  was  some  new  substance,  simple  or  com- 
pound, as  it  was  at  first  supposed  to  be;  but  careful  observations 
made  in  this  direction  have  long  led  to  the  conclusion  that  ozone  is 
noth  ing  Lut  oxygtn  altered  in  its  properties.  This  is  most  strikingly 
proved  by  the  complete  transformation  of  oxygen  containing  ozone  into 
ordinary  oxygen  when  it  is  passed  througli  a  tube  heated  to  250°. 
Further,  at  a  low  teuipemture  pure  oxygen  gives  ozone  when  electric 
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sparks  are  passed  through  it  (Marignac  and  De  la  Rive).  Hence  it  is 
proved,  by  a  method  for  its  preparation  from  oxygen  and  by  a  method  of 
its  transformation  into  oxygen  (synthesis  and  analysis),  that  ozone  is  that 
same  oxygen  with  which  we  are  already  acquainted,  only  endowed  with 
particular  properties  and  in  a  particular  state.  However,  by  whatever 
method  it  be  obtained,  the  amount  of  it  contained  in  the  oxygen  is 
inconsiderable,  generally  only  a  few  fractions  of  a  per  cent.,  rarely 
2  per  cent.,  and  only  under  very  propitious  circumstances  as  much  as 
20  per  cent.  The  reason  of  this  must  be  looked  for  first  in  the  fact 
that  ozone  in  its /ormation /rom  oxygen  absorbs  heat.  If  any  substance 
be  burnt  in  a  calorimeter  at  the  expense  of  ozonised  oxygen,  then  more 
heat  is  evolved  than  when  it  is  burnt  in  ordinary  oxygen,  and  Berthelot 
showed  that  this  difference  is  very  large — namely,  29600  heat  units 
correspond  with  every  forty-eight  parts  by  weight  of  ozone.  This 
signifies  that  the  transformation  of  forty-eight  parts  of  oxygen  into 
ozone  is  accompanied  by  the  absorption  of  this  quantity  of  heat,  and 
that  the  reverse  process  evolves  this  quantity  of  heat.  Therefore  the 
passage  of  ozone  into  oxygen  should  take  place  easily  (as  an  exother- 
mal reaction),  like  combustion ;  and  this  is  proved  by  the  fact  that  at 
250°  ozone  entirely  disappears,  forming  oxygen.  Any  rise  of  tempera- 
ture may  thus  bring  about  the  breaking  up  of  ozone,  and  as  a  rise  of 
temperature  takes  place  in  the  action  of  an  electrical  discharge, 
therefore  there  are  in  an  electric  discharge  the  conditions  both  for  the 
preparation  of  ozone  and  for  its  destruction.  Hence  it  is  clear  that 
the  transformation  of  oxygen  into  ozone,  as  a  reversible  reaction^ 
has  a  limit  when  a  state  of  equilibrium  is  arrived  at  between  the 
products  of  the  two  opposite  reactions,  that  the  phenomena  of  this 
transformation  accord  with  the  phenomena  of  dissociation,  and  that  a 
fall  of  temperature  should  aid  the  formation  of  a  large  quantity  of 
ozone.*  Farther,  it  is  evident,  from  what  has  been  said,  that  the  best 
way  of  preparing  ozone  is  not  by  electric  sparks,^    which  raise  the 

'  This  coDdiliurioii,  deduced  by  me  as  far  back  as  187H  iMo)nteur  Scientifique)  by 
conceiving  the  moleeales  of  ozone  (see  later)  as  more  complex  than  those  of  oxygen,  and 
ozone  as  contaiililig  a.  greater  quantity  of  heat  than  oxygen,  has  been  proved  experi- 
mentally by  ihe  veaearches  of  Mailfert  (1B80),  which  showed  that  the  passage  of  a  silent 
discharge  thzoo^  » litre  of  oxygen  at  0^  may  form  up  to  li  milligrams  of  ozone,  and  at 
—80®  up  to  60  inlltigramB ;  but  best  of  all  in  the  determinations  of  Chappuis  and  Haute- 
fenille  (1880),  wlio  found  that  at  a  temperature  of  —  25^  a  silent  discharge  converted  20  p.c. 
of  oxygen  ittlOOMme,  whilst  at  20^  it  was  impossible  to  obtain  more  than  12  p.c,  and  at  100^ 
less  f*^  %  pA  of  osone  was  obtained. 

*  A  •■»■•  ol  electric  sparks  may  be  obtained  either  by  an  ordinary  electrical  machine, 

^e  elestwphotons  machines  of  Holtz  and  Teploff,  il'c,  Leyden  jars,  Kuhmkorff  coils,  or 

ihnffir  MO***,  Trhfin  thr  opposite  electricities  are  able  to  accumulate  at  the  terminals 

oliMn^bMton,  and  a  discharge  of  sufficient  electrical  intensity  passes  through  the  non- 

\$Sat  or  oxygen. 
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i  'teuperature,  but  by  the  employiueiit  of  a  cootinuaJ  disdiarge  or 
I  flow  of  electricity — that  is,  tn  transfonu  the  oxygen  by  tlie  action 
1  «■/«((  diichurge.^  Foi-  this  reason  all  ozomsert  (which  are  of 
linoet  varied  consti-uction),  or  forms  of  appanttus  for  the  preparation  of 
ft«sone  from  oxygen  (or  air)  by  the  action  of  electricity,  now  usually 
KMiisiat  of  conductors  (sheetsof  metal — for  iBstance,  tinfoil — or  a  solution 
w^  sulphuric  acid  with  chromic  acid,  itc.)  separated  by  thin  glass 
^'Surfaces  placed  at  short  distances  from  ea(;h  other,  and  between  which 


lihe  oxygen  or  air  to  be  ozonised  is  introduced  and  subjected  to  the 
|jKtton  of  a  silent  dischai^e.*     Thus  in  Siemens'  apparatus  (tig.  37)  the 


I 

^^^  3  A  tuteat  diHchargu  it  aach  a  conibiiuitiau  of  ojipaaite  atA-tieol  (polentiAl)  electridtie^ 
^^,iw  takei  piftce  (geuemlly  botween  Urge  Burfiiceii)  retruUrly,  ulthoot  •pull*,  elonlf.  und 
qqisUj  (>B  ill  the  diNperaioii  of  elpctrlcity).  The  dischnrgE  ia  only  lumitioiu  in  the  iLuk ; 
tbers  ig  no  nbserrable  rise  of  teiupentnre,  aiid  thefeFoni  s  iHrger  unnaiit  of  oioiie  in 
fonuoiL  Bat,  nerertheleas,  iiu  coDtinning  tlm  {luaBage  uf  a  aitent  diachiirKa  through 
taann  it  is  destroyed.  For  the  action  to  be  obBenable  a  large  snrfaw  ii  neceaury,  antl 
oooBeqnenll;  a  [wwerlul  »oaree  of  electrical  poleulial.  For  tliia  reason  llie  luleut  din- 
charge  ia  beat  prodaced  by  a  Halimkord  coil,  aa  the  moet  bandy  meana  of  obtaiiiint;  a 
twnsiderable  iKiIvuIial  of  statical  electricity  with  the  employment  ol  the  cuiDiHU'nli\  ely 
feeble  current  of  a  galvanic  battery. 

*  V-Btibo't  apparattta  waa  one  of  tbe  Grat  coiiatrncted  for  oxoniaiDg  oxygen  by  meauK 
o(  a  (ilent  discharge  (and  it  ia  still  iine  ot  the  beat).  Itia  ciMnpoted  nf  a  number  t  twenty 
and  more)  of  long,  thin  capillafy  ifima  tuboR  vkned  at  one  end.  A  platinum  wirp.  rx- 
tending  along  their  whole  lengtli,  in  iiitrodaced  into  Uie  other  end  ol  eocb  tube,  and  tliia 
eiid  la  then  tnaed  up  round  the  wire,  the  end  of  which  protrude*  iiutaide  the  tub*. 
L^I^Hu  protruding  enda  of  the  wire*  are  arranged  oltsmately  in  two  aid«a  in  auch  a  miiiiier 
i  (HI  one  side  there  are  ten  claa«d  ends  and  ten  wire*.  A  bunch  of  anch  labea  Ifurty 
nld  nukg  a  bunch  of  not  luore  than  1  cjn.  diameter)  ia  plai'ed  in  a  gUaa  lube,  uid 
la  ol  the  wirea  are  counevted  into  two  condnctora,  and  nre  fu^ed  lo  tlie  ends  of  Biu 
ube.  The  ditcliariie  i%r  a  Rahnikorll  c^l  in  paased  thmngh  thete  ends  ol 
U)  •irea,  and  the  dry  air  or  oijcen  to  be  oioiiined  is  pasned  Uirnugh  the  tnlie.  If 
ID  be  passed  through,  omne  is  obtained  in  large  quantitiea,  and  free  Ironi  olidfs  ol 
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exterior  of  the  tube  a  and  the  interior  of  tlie  tube  b  c  are  coated  with 
tinfoil  and  connected  with  the  poles  of  a  source  of  electricity  (with  the 
terminals  of  a  Ruhmkorff  ^s  coil).  A  silent  discharge  passes  through  the 
thin  walls  of  the  glass  cylinders  a  and  b  c  over  all  their  surfaces,  and 
consequently,  if  oxygen  be  passed  through  the  apparatus  by  the  tube  d, 
fased  into  the  side  of  a,  it  will  be  ozonised  in  the  annular  space  between 
a  and  b  c.  The  ozonised  oxygen  escapes  by  the  tube  c,  and  may  be 
introduced  into  any  other  apparatus.^ 

The  properties  of  ozone  obtained  by  such  a  method^  distinguish  it 
in  many  respects  from  oxygen.  Ozone  very  rapidly  decolorises  indigo, 
litmus,  and  many  other  dyes  by  oxidising  them.  Silver  is  oxidised  by 
it  at  the  ordinary  temperature,  whilst  oxygen  is  not  able  to  oxidise 
silver  even  at  high  temperatures  ;   a  bright  silver  plate  rapidly  turns 

nitrogen,  which  are  partially  formed  when  air  is  acted  on.  It  is  remarked  that  at  low 
temperatures  ozone  is  formed  in  large  quantities.  As  ozone  is  acted  on  by  corks  and 
india-rubber,  the  apparatus  should  be  made  entirely  of  glass.  With  a  powerful  Ruhrakorff 
coil  and  forty  tubes  the  ozonation  is  so  powerful  that  the  gas,  when  passed  through  a 
solution  of  iodide  of  potassium,  not  only  sets  the  iodine  free,  but  even  oxidises  it  into 
|x>ta8aium  iodate,  so  that  in  five  minutes  the  gas-conducting  tube  is  choked  up  with 
crystals  of  the  insoluble  iodate. 

*  In  order  to  connect  the  ozoniser  with  any  other  apparatus  it  is  impossible  to  make 
use  of  india-rubber,  mercury,  or  cements,  &c.,  because  they  are  themselves  acted  on  by, 
and  act  on,  ozone.  All  connections  must,  as  was  first  proposed  by  Brodie,  be  hermetically 
doted  by  sulphuric  acid,  which  is  not  acted  on  by  ozone.  Thus,  a  cork  is  passed  over 
the  vertical  end  of  a  tube,  over  which  a  wide  tube  passes  so  that  the  end  of  the  first  tube 
protrudes  above  the  cork ;  mercury  is  first  poured  over  the  cork  (to  prevent  its  being 
acted  on  by  the  sulphuric  acid),  and  then  sulphuric  acid  is  poured  over  the  mercurj'. 
The  protruding  end  of  the  first  tube  is  covered  by  the  lower  end  of  a  tliird  tube  immersed 
in  the  sulphuric  acid. 

•  The  above-described  method  is  the  only  one  which  has  been  well  investigated.  The 
admixture  of  nitrogen,  or  even  of  hydrogen,  and  especially  of  silicon  fluoride,  appears  to 
aid  tlie  formation  and  preservation  of  ozone.  Amongst  other  methods  for  preparing 
osone  we  may  mention  the  following : — 1.  In  the  action  of  oxygen  on  phosphorus  at  the 
ordinary  temperature  a  ixjrtion  of  the  oxygen  is  converted  into  ozone.  At  the  ordinary 
temperature  a  stick  of  phosphorus,  partially  immersed  in  water  and  partially  in  air  in  a 
large  glass  vessel,  causes  the  air  to  acquire  the  odour  of  ozone.  It  must  further  be 
remarked  that  if  the  air  be  left  for  long  in  contact  witli  the  phosphorus,  or  without  the 
presence  of  water,  the  ozone  formed  is  destroyed  by  the  phosphorus.  2.  By  the  action 
of  sulphuric  acid  on  peroxide  of  barium.  If  the  latter  be  covered  with  strong  sulphuric 
acid  (tlie  acid,  if  diluted  with  only  one-tenth  of  water,  does  not  give  ozone),  then  at  a  low 
temperature  the  oxygen  evolved  contains  ozone,  and  in  much  greater  quantities  than 
that  in  which  ozone  is  obtained  by  the  action  of  electric  sparks  or  phosphorus.  8.  Ozone 
may  also  be  obtained  by  decomposing  strong  sulphuric  acid  by  potassium  nianganate, 
especially  with  the  addition  of  barium  peroxide.  Gorup-Besanez  stated  (but  it  requires 
confirmation)  that  ozone  is  formed  in  the  slow  evaporation  of  large  quantities  of  water. 
In  the  near  proximity  of  salt-gardens  (salterns)  the  atmosphere  is  considerably  richer  in 
OBone  than  in  the  surrounding  neighbourhood.  In  connection  with  this  is  the  fact  that 
the  air  of  the  sea-shore  is  rich  in  ozone.  Ozone  is  also  stated  to  be  formed  in  tlie 
ordinary  process  of  the  respiration  of  plants.  This  is,  however,  denied  by  many  to  be 
the  case. 
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black  (from  oxidntion)  in  ozonised  oxygen.  It  ia  mpidly  absorbed  by 
;ury,  forming  oxide  ;  it  tranafornia  the  lower  oxides  into  higher — for 
infitAHce,  sulphurous  anhydride  into  sulphuric,  nitrous  oxide  into 
nitric,  arsenious  anhydride  (AsjOj)  into  araenic  anhydride  (AsjOj)  ifcc  ' 
But  what  is  especially  characteristic  in  ozone  is  the  decomposing' action 
it  exerts  on  potassium  iodide.  Oxygen  does  not  act  on  it,  but  ozone 
D  a  solution  of  potassium  iodide  liberates  iodine,  whilst  the 
potassium  is  obtained  as  caustic  potash,  which  remainii  in  solution, 
2KI+HaO  +  0=3KHO  +  I.i.  As  the  presence  of  minute  traces  of 
free  iodine  may  l>e  discovered  by  means  of  starch  paste,  with  which  it 
forms  a  very  dark  blue  coloured  substance,  a  mixture  of  potassium 
iodide  with  stiirch  paste  will  detect  the  presence  of  very  small  traces  of 
Ozone  is  destroyed  or  converted  into  ordinary  oxygen  dot 
only  by  heat,  but  also  by  long  keeping,  especially  in  the  presence  of 
alkalis,  peroxide  of  manganese,  chlorine,  itc. 

Hence  o::Mne,  although  it  has  the  same  composition  a*  oxygen,  diflera 

'  Omno  takes  up  iLe  hydrogen  from  hydrochloric  Bcid ;  the  olilorlne  is  tei  free,  and 

cau  dissolve  ^Id.    Chroniium  uid  iodine  ore  directly  oiidi  aed  by  oione,  but  not  b;  uKygsn, 

lUid  BO  hIhu  with  &  number  ol  other  sabataJicei.  Ammauia,  NHj,  is  oiidiiwdby  oxoue  into 

■miuuuiuni  iiitrit«  (uid  nitrate),  aNBi  +  Oj-NH^yOj  +  HgO,  and  therefore  ■  drop  of 

unmauia,  on  falling  into  the  gaa,  gives  a  thick  clood  of  the  salts  formed.    Oione  ooDverlii 

lead  oxide  into  peroiid«i  and  mbonde  ol  thaUiom  (which  is  eolourleiuj  Into  oxide  (which 

I    fa  brown),  ta  thai  tbis  reaction  ia  made  use  of  for  discuvering  the  prewnee  ol  oione. 

\  IiMd  sniphide,  Pb8,  is  <!ouvert«d  into  solpbate,  PhSOi,  by  ozcme.     A  neatral  lolation  of 

le  BUlpbatci  gives  a  precipitate  of  manganeBe  peroiide,  and  an  acid  lolaliaii  may 

I    be  oifdised  into  permanganic  acid,  UUnO,.    Witli  respect  lo  the  oxidising  action  of  oxoue 

on  OTgaruc  sabstances.  it  may  he  menlioaed  that  with  ether,  C(HmO,  ouioe  girea  ethyl 

L    peioiide,  which  ie  capable  of  decomposing  with  explosion  (acc'ording  to  Berthelot},  and  is 

ioroposed  hj  water  into  alcohoi,  aC.,H,0,  and  bydiogen  peroxide.  S,fi;. 

*  This  l«Bction  is  tbe  line  luuiLlly  made  use  of  for  delecting  the  presence  of  ozone. 

[    In  the  majority  ol  caaea  paper  is  soaked  in  solutions  of  potaasinm  iodide  and  starch. 

"  loh  otoivimttrical  or  iodised  slarcli-paper  when  damp  turns  bloe  in  the  presence  ot  ouine, 

id  IbetintobUbied  caries  considerably,  according  to  tbe  length  of  time  it  is  exposed  and 

Ici  the  amount  of  oziiiie  preseol.    Tlie  ainoant  of  oione  in  a  given  gas  may  even  to  a 

I    Mrtain  degree  be  jmlged  by  the  shade  o!  ootour  acqoired  by  tbe  paper,  if  preliminary 

kits  be  made. 

Test-paper  for  oaone  is  prepared  in  the  following  manner;— Oiie  gram  ol  neutral 
,    polaaaium  iodide  is  diiaolced  in  lOU  grams  of  distilled  water  j  10  grams  of  starch  ore 
(hen  ahaltsii  ap  iu  the  solution,  and  Uie  mixture  is  boiled  until  the  starch  is  DoQTsrted 
Into  a  jelly.    This  jelly  la  then  emeared  over  blotting-paper  and  left  to  dry.     The  oolooi 
'    ot  iadtsed  statch-paper  is  cbanged  nut  only  by  the  action  ol  oEone,  but  of  many  other 
I    oxidisers;  for  example,  by  the  oiidea  of  nitrogen  and  hydrogen  peroxide.     Hotueun  pro- 
id  notking  cominOQ  litmus-paper  a-itli  a  solution  ol  potaseinni  iodide,  which  in  the 
36  ol  iodine  would  turn  bine,  owing  to  thu  formation  ol  KHO,    In  order  to  Snd  il 
le  colour  ia  not  prudnced  by  an  alkali  (ammonia}  in  tbe  gM,  a  portion  ol  the  p«4»i 
I    fa  not  soaked  in  tbe  potaDStum  iodide,  but  moistened  with  water ;  this  portion  will  then 
I  turn  blue  il  anunoiiiu  he  present.    A  reagent  lor  distinguiBliiiig  oione  from  hydrogen 

IS  (for  inetai 
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from  it  in  stability,  and  by  the  fact  that  it  oxidises  a  number  of  sub- 
stances very  energetically  at  the  ordinary  temperature.  In  this 
respect  ozone  resembles  the  oxygen  of  certain  unstable  compounds,  or 
oxygen  at  the  moment  of  its  liberation. 

In  ordinary  oxygen  and  ozone  we  see  an  example  of  one  and  the 
same  substance,  in  this  case  an  element,  appearing  in  two  states.  This 
indicates  that  the  properties  of  a  substance,  and  even  of  an  elelnent, 
may  vary  without  its  composition  varying.  Very  many  such  crises 
are  known.  Such  cases  of  a  chemical  transformation  which  determines 
a  difference  in  the  properties  of  one  and  the  saraia  element  are  termed 
isomerism.  The  cause  of  isomerism  evidently  lies  deep  within  the 
essence  of  the  nature  of  a  substance,  and  its  investigation  has  already 
led  to  a  number  of  results  of  unexpected  importance  and  of  immense 
scientific  significance.  It  is  easy  to  understand  the  difference  between 
substances  containing  different  elements  or  the  same  elements  in 
different  proportions.  That  a  difference  should  exist  in  the  latter 
case  necessarily  follows,  if,  as  our  knowledge  compels  us,  we  admit 
that  there  is  a  radical  difference  in  the  simple  bodies  or  elements. 
But  when  the  quality  and  quantity  of  the  elements  (tlie  composition) 
in  a  substance  are  the  same  and  yet  its  properties  are  different, 
then  it  becomes  clear  that  the  conceptions  of  the  elements  and  of  the 
composition  of  compounds,  alone,  are  insufficient  for  the  expression  of 
all  the  diversity  of  the  properties  of  the  matter  of  nature.  Something 
else,  still  more  profound  and  internal  than  the  composition  of  sub- 
stiinces,  must,  judging  from  isomerism,  determine  the  properties  and 
transformation  of  substances. 

On  what  is  the  isomerism  of  ozone  with  oxygen,  and  the  peculiarities 
of  ozone,  dependent  ?  In  what,  besides  the  store  of  energy,  which  in  its 
way  expresses  the  peculiarities  of  ozone,  resides  the  causes  of  its  difference 
from  oxygen  ?  These  questions  for  long  occupied  the  minds  of  investi- 
gators, and  were  the  motive  for  the  most  varied,  exact,  and  accurate 
researches,  which  were  chiefly  directed  to  the  study  of  the  volumetric 
relations  exhibited  by  ozone.  In  order  to  acquaint  the  reader  with  the 
previous  researches  of  this  kind,  I  cite  the  following  from  a  memoir  by 
Soret,in  the  *  Transactions  of  the  French  Academy  of  Sciences  '  for  1866: 

*  Our  present  knowledge  of  the  volumetric  relations  of  o/one  may  be 
expressed  at  the  present  time  in  the  following  manner  : 

*1.  "  Ordinary  oxygen  in  changing  into  ozone  under  the  action  of 
electricity  shows  a  diminution  in  volume."  This  was  discovered  by 
Andrews  and  Tait. 

*  2.  *'  In  acting  on  ozonised  oxygen  with  potassium  iodide  and  other 
substances  capable  of  being  oxidised,   we  destroy  the  ozone,  but  the 
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■volume  of  the  gas  reinaii}3  unchanged."  Iiulei^d,  tho  researches  of 
Andrews,  So  ret,  v.  Bftbo.niid  others  sliowed  that  the  i]uantity  of  oxygen 
absorbed  by  the  potiissium  iodide  i§  equal  to  the  origiunl  contraction  of 
lunie  of  the  osygen — that  is,  in  the  absorption  of  the  oiEone  the 
e  of  the  gas  remains  unchanged.  From  this  it  might  be  imagined 
"that  ozone,  su   to  say,    does   not  occupy  any    room— is    indefinitely 

"  By  the  action  of  heat  ozonised  oxygen  increoseB  in  volume, 
Aud  is  transformed  into  ordinary  oxygen.  This  increase  IQ  volume 
corresponds  with  the  quantity  of  oxygen  whicli  is  given  up  to  the 
potassium  iodide  in  its  decomposition  "  (the  same  observers). 

'  4.  These  induhitftble  experimental  results  lead  to  tlie  conclusion 
that  ozone  is  denser  than   oxygen,  and  that   ozone  in  its   oxidising 
action  gives  off  that  portion  of  its  substance  which  distinguiahes  it  by 
s  density  from  ordijiary  oxygen.' 

e  imagine  (says  Weltzieu)  that  n  volumes  of  ozone  consist  of  it 
Voluujes  of  oxygen  combined  with  m  volumes  of  the  same  substance,  and 
that  ozone  in  oxidising  gives  up  m  volumes  of  oxygen  and  leaves  ii 
voluwes  of  oxygen  gnu,  then  all  the  alnive  facts  can  be  explained  ; 
otlierwise  it  must  be  supposed  that  owne  is  indetinitely  dense.  *  Tn 
crder  to  determine  the  density  of  ozone  (we  agiiin  cit«  Soret)  recourse 
.  cannot  Ite  had  to  the  direct  determination  of  the  weight  of  a  given 
volume  of  the  gas,  because  ozone  cannot  be  obtained  iu  a  pure  state, 
always  mixed  with  a  very  large  quantity  of  oxygen.  It  was 
iry,  therefore,  to  have  recourse  to  such  substances  as  would 
absorb  ozone  without  absorbing  oxygen  and  without  destroying  the 
ozone.  Then  the  density  might  be  deduce<l  from  the  decrease  of 
volume  produced  in  the  gas  by  the  action  of  this  solvent  in  comparison 
with  the  quantity  of  oxygen  given  up  to  potassium  iodide.  Advantage 
must  also  1>e  taken  of  the  determination  of  the  increase  of  volume 
produced  by  the  action  of  heat  on  ozone,  if  the  volume  previously 
ooDupied  by  the  ozone  before  heating  be  known.'  Soret  found  two  such 
substADces,  tm-pentine  and  oil  of  cinnamon.  '  t>zone  cUsappeara  in  the 
presence  of  turpentine.  This  is  accompanied  by  the  iippeai'ance  of  a 
dense  x-apour,  which  fills  u  vessel  of  small  cajMicity  (0'  1  -1  litre)  to  such  an 
extent  that  it  is  impenetrable  todirect  sun-i-ays.  On  then  leaving  the 
vessel  at  rest,  it  is  observer!  that  the  cloud  of  vapour  settles  ;  the 
clearing  is  first  remarked  at  the  upper  |wrtion  of  the  ves.sel,  and  the 
I  lirilliant  colours  of  the  rainbow  are  seen  on  the  edge  of  cloud  uf 
I  vapour.'  Oil  of  cinnamon — that  is,  the  volatile oroduriferoussubatanw 
of  the  well-known  spice,  cinnamon— gives  under  similar  circumstances 
)  kind  of  vapours,  but  they  are  much  less  voluminous.     Un 
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measuring  the  gaseous  volume  before  and,  after  tbe  action  of  both 
volatile  oila,  a  considerable  decrease  is  remarked.  Un  applying  all  the 
necessary  eorrections  (for  the  solubility  of  oxygen  in  the  oily  liquids 
named  aljove,  for  the  tension  of  tlieir  vapour,  for  the  change  of  pres- 
sure, ibc.)  and  making  a  series  of  comparative  determinations,  Soret 
obtained  the  following  result :  two  volumes  of  oione  capable  of  being 
dissolved,  when  destroyed  (by  heating  a  wire  to  a  red  heat  by  a 
galvanic  cucrent)  increase  by  one  volume.  Hence  it  ia  evident  that  in 
the  formation  of  ozone  three  volumes  of  oxygen  give  two  volumes  of 
ozone^that  is,  its  density  (referred  to  hydrogen)  =^ '2 i. 

The  observations  and  determinations  of  Soret  showed  that  ojione  is 
heavier  than  oxygen,  and  even  than  carlionic  aidiydride  (because 
ozonised  oxygen  passes  from  line  orifices  mote  slowly  than  oxygen 
and  than  its  mixtures  with  carbonic  anhydride),  although  lighter  than 
chlorine  (it  Hows  more  rapidly  from  such  orifices  than  chlorine),  and 
they  also  indicated  that  ozotie  m  one  and  a  half  rimes  denser  lliaii 
oxygen,  which  may  be  expressed  by  designating  a  moleculfe  of  oxygen 
by  Oj  and  of  ozone  by  0,  ;  and  which  likens  ozone  to  compound  sub- 
stances "  formed  by  oxygen,  as,  for  instance,  COj,  SO4,  OO.j,  NO,,  ic. 
This  explains  the  chief  differences  between  ozone  and  oxygen,  and  the 
cause  of  the  isomerism,  and  at  the  same  time  leads  one  to  expect ''' 
that  ozone,  as  a  gas  which  is  denser  than  oxygen,  would  be  liquetied 


■  OEone  is,  so  t 

0  say,  aji  o<ide  of  oiygen,  just  as  water  is  an  oxide  of  hydrogoD.    Jast 

as  aqoeoua  vaponr 

which  on  combiiimi 

□f  oxygen  are  comb 

ined  in  oBone  with  one  volnrae  o(  oiyuBii  to  (five  two  volumeBof  oEone. 

In  the  luttioD  of  ozc 

b;  «hich  it  clittera 

from  ordinary  oiygen  that  eombinee  with  the  «tbBr  bodies,  and  Ihere- 

tore,  under  these  ■ 

iircnnialmiMS,  the  Tofume  of  the  osonised  oxygen  does  not  ehonge. 

There  treie  two  vi 

jlnmes  of  (woiie;  one-third  of  ite  weight  ia  parted  with,  and  there 

9  of  oxygen. 

The  above  obaer 

together  with  Schui 

ubein'H  reAearches  on  the  formation  of  uzone  iii  the  uiidatiun  of  tar- 

pentine  uid  of  simi 

■Iso  explua  the  acl 

n  mixed  with  many  eabstancea.  promoten  tlieir  oxidiitioa.    In  tbia 

cue  it  probubl}  110 

re.  and  tbns  aeauiroB  the  uroDertv  of  oxidbinu  uuinv  subatfuiceji.     It 

bleaches  linen  and  cork,  decolorises  indigo,  promoter  the  oxidation  and  faurdeuing  ot 
boiled  linseed  oil,  Ac.  These  propertieB  of  turjieiilino  oil  are  made  uko  of  in  practice. 
Dirty  linen  and  many  stained  matiirials  are  easily  cleaned  by  turpentine,  not  only  because 
it  dissolves  the  grease,  but  also  hecauee  it  oxidises.  The  admiituie  of  turpentiue  witli 
dijing  (bailed)  oil,  oil-colours,  and  buH  aids  their  rapid  drying  because  it  attracts  oione. 
Various  oils  occnning  in  plants,  and  entering  into  tbe  composition  of  perfumes  and 
yarions  scent  extracts,  also  act  as  oiidisem.  They  act  In  a  similar  manner  to  (hI  oF  tar. 
pentine  unil  nil  of  cinnamon.  This  perhaps  explains  tbe  n)fresbi4ig  influence  Ihey  have 
in  acenta  and  other  similar  preparations,  and  also  thesainbrity  of  tbe  air  ot  pine  forests. 
"  The  densest,  most  complex,  and  heiiviest  [lartleleE  of  iuatler  ahonld,  under  equal 
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much  more  easily.  This  wiia  actuallj  shown  to  be  the  case,  iu  1890,  by 
Chappuis  and  Hautefeuille  in  tlieir  reseiirchee  on  the  physical  jiropertieg 
^oxygen.  Its  absolute  boilingpoiiit  is  iiljout  — 106",  and  consequently 
compressed  and  refi'igerated  ozone  when  rapidly  expanded  gives  drops, 
u  liquefied.  Liquid  and  compressed  "  ozone  is  blue.  In  dissolving  in 
water  ozone  partly  passes  into  oxygen.  Ozone  violently  explodes  when 
suddenly  compi-essed  and  heat«d,  changing  into  ordinary  oxygen,  and 
evolving,  like  nil  explosive  substances,"  that  heat  which  distinguishes 
it  from  oxygen. 

Thus,  judging  by  what  has  been  said  above,  ozone  should  be 
med  in  nature  not  only  in  the  many  processes  of  oxidation  which 
on,  but  also  by  the  condensation  of  atmospheric  oxygen.  The 
rignificancB  of  ozone  in  natural  has  often  arrested  the  attention  of 
observers.  There  is  a  series  of  ozonometrical  observations  which  show 
the  different  amounts  of  ozone  in  the  air  at  different  localities,  at 
different  times  of  the  year,  and  under  different  circumstances ^f or 
instance,  on  the  appearance  of  epidemics.  But  the  observations  made 
in  this  direction  cannot  be  considered  as  sufficiently  exact,  because  the 
methods  in  use  for  determining  ozone  were  not  quite  accurate.  It  is 
itowever  indisputable  '■*  that  the  amount  of  ozone  in  the  atmosphere  ia 
aubject  to  variation  ;  that  the  air  of  dwellings  contains  no  ozone  (it  dis- 
appears in  oxidising  organic  raatt«r)  ;  that  the  air  of  fields  and  forests 
always  contains  ozone,  or  substances  (peroxide  of  liydrogen)  which  act 
like  it ;  that  the  amount  of  ozone  increases  after  storms  ;  and  that 
miasms,  ire,  are  destroyed  by  ozonising  the  atmosphere.  It  may  be 
.imagined  that  the  influence  exerted  by  ozone  on  animal  life  is  due  to 
the  fact  that  it  easily  oxidises  organic  substances,  and  miasms  are 
formed  of  organic  substances  and  the  germs  of  organisms,  which  are 
oaaily  changed   and  oxidised.     Indeed,    many    miasms—for  instance, 

Mmditidna,  evidentlj-  be  lens  ciipB.b]e  ot  paaainK  into  &  state  of  gaHons  movement,  should 
Booner  attain  ■  tiqnid  state,  and  hftve  ft  greater  cohesive  force. 

"  The  bine  coloar  projier  to  oione  may  be  seen  throaRli  a  tnbe  one  metre  long  con- 
taining oxygen  10  p.c.  ozonised.  The  demit;  of  ligaid  o>one  lias  not.  as  fu  oa  I  am 
aniire,  been  determined. 

"  All  eiplouTe  bodies  and  miilures  (gunpowder,  detonating  gsa,  £o.]  evolre  heat  in 
eiplodiug  (in  giving  a  groatei  noDiber  of  molecnlei  from  one  molecote,  and  sometimes 
■enetal  TObstances  from  one  sabstanee,  as  in  the  eiploeion  of  niiro-comyDundt  \  see  later)— 
he  renctionB  vhicb  accompany  eiploiions  are  exothermal.  In  this  ui&nner 
decomposing  evolrea  latent  heal,  nlthongh  generally  .heat  is  absorbed  In 
iUoD.  Tliie  shows  the  meauing  and  canse  ot  explosion. 
In  Paris  it  has  been  (otinrl  that  the  fnrther  from  the  centre  of  Ibetown  the  greater 
the  air.  The  reason  o(  this  is  evident :  in  a  city  there  are  many 
hy  we  distinguish  oonntry  air  u  being 
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the  volatile  substance  of  decomposing  organisms — are  clearly  destroyed 
or  changed  not  only  by  ozone,*  but  also  by  many  powerfully  oxidising 
aubstances,  such  as  chlorine  with  water,  potassium  permanganate,  and 
the  like. '^ 

Thus  in  ozone  we  see  (1)  the  capacity  of  elements  (and  it  must 
he  all  the  more  marked  in  compounds)  of  changing  in  properties  with- 
out altering  in  composition  ;  this  is  termed  isomerism  ;  ^•'*  (2)  the 
capacity  of  elements  for  arranging  themselves  in  molecules  of  different 
densities  ;  this  forms  a  special  case  of  isomerism  called  polynierism  ; 
(3)  the  capacity  of  oxygen  for  appearing  in  a  still  more  intense  and 
energetic  chemical  state  than  that  in  which  it  occurs  in  ordinary 
gaseous  oxygen  ;  and  (4)  the  formation  of  unstable  equilibria,  or 
chemical  states,  which  are  expressed  both  by  the  ease  with  which  ozone 
acts  as  an  oxidiser  and  in  its  capacity  for  decomposing  with  explo- 
sion.*^ 

Hydrogen  peroocide, — Many  of  those  properties  which  we  have  seen 
in  ozone  belong  also  to  a  peculiar  substance  containing  oxygen  and 
hydrogen,  and  called  hy(Jrogen  peroxide,  or  oxygenated  water.  This 
substance  was  discovered  in  1818  by  Th^nard.  When  heated  it  is 
decomposed  into  water  and  oxygen,  evolving  as  much  oxygen  as  is 
contained  in  the  water  remaining  after  the  decomposition.  That 
portion  of  oxygen  by  which  hydrogen  peroxide  differs  from  water  be- 
haves in  a  number  of  cases  just  like  the  active  oxygen  in  ozone,  which 
distinguishes  it  from  ordinary  oxygen.  In  H2O2,  and  in  O,,  one  atom 
of  oxygen  acts  in  a  powerfully  oxidising  manner,  and  on  separating  out 

1*  The  oxidising  action  of  ozone  may  be  taken  advantage  of  for  technical  ends ;  for 
instance,  for  destroying  colouring  matters.  It  has  even  been  employed  for  bleaching 
tissues  and  for  the  rapid  preparation  of  vinegar,  although  these  methods  have  not  yet 
received  wide  application. 

^^  Isomerism  in  elements  is  termed  allotropism. 

'^  A  number  of  substances  resemble  ozone  in  one  or  another  of  these  respects.  Thus 
cyanogen,  C.^N-j,  nitrogen  cliloride,  &c.,  decompose  with  an  explosion  and  evolution  of 
heat.  Nitrous  anhydride,  N.2O5,  forms  a  blue  hquid  like  ozone,  and  in  a  number  of  cases 
oxidises  like  ozone.  Red  phosphorus  is  to  white  phosphorus,  in  a  certain  sense,  what 
oxygen  is  to  ozone,  and  in  other  respects  the  reverse  ;  this  is  also  a  case  of  allotropism. 
Thus  a  chemical  analogy  is  diffused  in  different  and  most  varied  directions,  and  it  is  only 
after  an  acquaintance  with  the  diverse  relations  of  substances  that  an  idea  can  be  formed 
of  the  complexity  of  chemical  changes,  whilst  their  general  system  is  still  wanting ;  that 
is  to  say,  there  is  nothing  analogous  to  and  explaining  the  correlation  of  liquid  to 
gaseous  substances.  But  there  is  reason  to  think  that  in  this  case  also  an  explanation 
will  arise  with  the  accumulation  of  data,  as  we  see  from  the  fact  that  the  conception  of 
dissociation  explained  in  the  simplest  manner  a  number  of  chemical  relations  which 
without  it  were  not  at  all  clear.  It  should  be  here  observed  that  the  transition 
between  oxygen  and  ozone  under  the  conditions  of  a  silent  discharge  forms  a  reversible 
reaction  which  is  subject  to  tlie  conception  of  dissociation,  whilst,  exempt  from  the 
conditions  of  a  silent  discharge,  the  passage  of  ozone  into  oxygen  is  not  reversible,  and 
forms  an  instance  of  deconiiKJsition  in  the  strictest  sense. 
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it  leaves  HjO  or  0,,  which  do  not,  act  so  shaiply,  although  tliey  still 
contain  oxygen."  Both  contain  the  osvgen  in  a  conipressed  state,  so 
to  speak,  and  when  freed  from  pressure  by  the  forces  (infernal)  of  the 
elements  in  another  substance,  thin  oxygen  is  easily  evoli'ed,  and  there- 
fore acts  like  oxygen  at  the  moment  of  its  liberation.  Both  Rubstancea 
in  decomposing,  with  the  sepiiration  of  a  portion  of  their  oxygen ,  «w/iw 
heat,  while  an  absorption  of  heat  is  usually  required  for  decomposi- 

Hydrogen  peroxide  is  formed  under  many  circumstances  by  com- 
bustion and  oxidation,  but  tti  very  limited  ijuantities  ;  thus,  for  instance, 
it  is  sufficient  to  shake  up  zinc  with  sulphuric  acid,  or  even  with  water, 
to  remark  the  formation  of  a  certain  quantity  of  hydrogen  peronide  in 
the  water.'"  From  this  cause,  probably,  a  series  of  diverse  oxidation 
processes  are  accomplished  in  nature,  and,  according  to  Prof.  Schiine,  of 
Moscow,  hydrogen  peroxide  occurs  in  the  atmosphere,  although  in  vari- 
able and  small  quantities,  and  proljabiy  its  formation  is  connected  with 
ozone,  with  which  it  has  much  in  common.  Tlie  usual  case  of  the 
formation  of  hydrogen  peroxide,  and  the  means  by  which  it  may  be  in- 


It  is  cvidETit  that  there  is 


tiiO»tB  flemeHt,  from  oiyjjen,  ( 
b*bit  and  the  length  of  t)ie  eipreuion  render  it  inconvenient. 

iinlwin  state*  that  the  lomiatinn  nl  hj-drogen  peroxide  is  to  ba  remarked  in  erer}- 
in  vater  or  in  the  preience  of  aqneous  vapoar.  According  to  StruTe,  hydrogen 
pannide  is  enntained  in  anow  and  in  rain-valer,  and  ita  toimatinn,  together  with  oaone 
and  ammoninm  nitrate,  ia  even  probable  in  the  proceiaea  of  respiration  and  eombuition. 
A  anlation  of  tin  in  mereary.  or  liquid  tin  amalgam,  wben  shaken  op  in  water  containing 
anlphnric  acid  gives  rise  to  the  formation  ot  hydrogen  peroxide,  ttbilst  iron  nnder  the 
aame  circomatances  does  not  give  rise  to  ita  (onnation.  The  presence  of  smaU  qnantitiei 
ot  faydrogen  perotide  in  these  and  aimilar  coaes  is  recognised  by  nusny  reactiona. 
Amongat  them,  its  action  on  ehromie  acid  in  the  presence  of  ether  isrery  characteristic, 
chromic  acid  into  a  liigfaer  oxide,  Cr,0],  which  is  ot  ■ 
dath-blne  colour,  and  dissalvea  in  ether.  This  ethereal  wlntian  is  to  a  certain  dt^ree 
Vbble,  and  therefore  the  presence  ot  hydrogen  peroxide  may  be  recogniaed  by  mixing 
liquid  to  be  tested  with  ullier  and  adding  several  drops  ot  a  anlntion  of  chromic  add. 
n  ahaking  the  miitare  the  ether  dissolves  the  higher  oxide  of  chroniinni  which  is 
ed,  and  acqaires  a  blue  colour.  Tile  formation  of  hydrogen  peroxide  in  the  oombos- 
n  and  oxidation  ot  mbstuneea  containing  or  evolving  hydrogen  must  be  understood  in 
DnreptioQ,  to  be  considered  later,  of  molecolea  occupying  (KjDaJTolmaea 
.  At  the  moment  of  its  erolulion  ■  molecalo  H^  comhines  with  a  mole- 
>  R,Oi.  As  (his  substance  is  unstable,  a  large  proportion  of  it  is 
lbII  amount  only  remaining  unohaiigod.  If  it  is  obtained,  walHciaeaaily 
B'fafBied  from  it;  this  reaction  svolveii  heat,  and  the  reverse  action  is  not  very  pro- 
Direol  determinations  show  that  the  reaction  HifO]  — ILjO  +  O  evolves  99000  heat 
From  this  it  will  be  mideratood  how  easy  is  the  deoouposilion  of  hydrogen 
a  number  of  suhslauces  which  aiv  not  dtrectly 
A  by  oxygen  are  oxidised  by  hydrogen  peroxide  and  by  ozone,  which  alwi  erolrea 
n  decomposition.  Bnch  a  representation  of  the  origin  of  hydrogen  peroiide  has 
B  developed  by  me  since  1S70.    In  recent  times  Traube  has  jironouucad  a  giniilar 
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directly  obtained,'"  is  by  the  double  decnm position  of  an  acid  und 
peroxides  of  certain  luetala,  especittlly  those  of  potassium,  cnli 
Ijariuni.'"  Among  these  peroxides,  that  of  barium  is  the  most 
conveniently  obtained,  it  being  enough,  as  we  saw  when  speaking  of 
oyygen  (Chap,  HI.),  to  heat  the  anhydroaa  oxide  of  barium  to  a  red  heat 
in  a  current  of  air  or  oxygen  ;  or,  better  still,  to  heat  it  with  potassium 
chlorate,  and  then  Ut  wash  away  the  potassium  cliloride  also  formed.*' 
Barium  peroxide  gives  hydrogen  peroxide  by  the  action  of  acids  in  the 
cold."  Thf!  process  of  decomposition  is  very  clear  in  this  case ;  the 
hydrogen  of  the  acid  replaces  the  barium  of  the  pei-oxide,  a  barium  salt 
o!  the  Bcid  bein;;  formed,  while  the  hydrogen  perovide  formed  by  the 

1°  Tfac  fonoatimi  of  liydm^n  peroiide  from  baiium  peroxide  by  a,  metlioil  of  ditaU« 
dBOompoailLim  is  an  iustancB  o(  e.  nnmbei'  of  indirect  mdhoth  of  preparation,  A  snb- 
stnnce  \  does  not  combine  with  B,  bnt  >B  is  obMined  tram  AC  in  its  actioD  an  bd  (aee 
Introductian)  «1ien  cQ  is  formed.  WuUr  does  not  combine  withmtygen.hntsaahfdmle 
of  ac\i»  it  nets  on  the  compound  ot  oxygen  with  barium  oxide,  beotuse  thin  oiide  tn^ea  • 
•alt  with  on  acid  anhydride  ;  or,  what  is  the  some,  hydrogen  with  oxygen  doea  not  direHlif 
(oim  hydrogen  peroiiiU.  bnt  when  combined  with  a  haloid  (for  exiunjile,  chlorine),  nodei 
Iheactionot  barium  peroxide.BaOj,  it  leada  to  the  formation  of  a  lalt  ot  barium  aod  H./D^ 
tt  ia  to  be  remarked  that  the  paesage  ot  barium  oxide,  BaO.  into  the  peroxide,  BaOj,  i> 
accompanied  by  the  evohition  ot  131D00  heat  nnita  per  lU  parta  of  oxygen  by  weight 
combined.  anS  the  passage  of  H]0  into  the  peroiide  HjOj  doee  not  proceed  directly, 
becauie  it  woald  be  afcompanied  by  the  nbtorftion  ot  33000  nnitn  nf  heat  bf  Ifl  puts 
by  weight  of  oxygen  combined.  Barium  peroxide,  in  acting  on  an  acid,  evidently  erolvea 
leea  beat  than  the  oxide,  and  it  is  this  dilTerence  of  heat  that  is  abaorbed  in  Che  hydrogen 
peroiide.  Its  energy  is  obtained  from  the  euergy  evolved  in  the  formation  of  the  salt  ot 
barium. 

"  Peroxidea  of  lead  and  manganese,  and  other  analogooa  petoiides  (bps  Chapter  III., 
Note  D).  do  not  give  hydrojfeo  peroiide  under  these  conditionB,  bnt  yield  chlorine 
with  hydrochloric  acid. 

1  The  impure  bnrinm  peroiide  obtained  in  this  manner  may  be  easily  purified.  For 
this  purpose  it  is  diBsolved  in  a  dilute  solatiou  ot  nitric  aoid.  There  will  always  remain 
a  certain  qaantity  ol  an  insoloble  reaidue,  from  which  tha  aolation  is  separated  by  filtrsr 
tion.  The  aolution  will  contain  not  only  the  compound  of  the  b»rimii  peroiide,  hot  aluo 
u  compound  of  the  barium  oxide  itself,  a  certain  quantity  of  which  always  remains  an- 
combined  with  oxygen.  The  acid  compounds  ot  the  peroxide  and  oiide  ot  barinoi  are 
easily  dietinguishable  by  their  stability.  The  peroiide  gives  an  anstahle  compound,  and 
the  oiide  a  stable  ealf.  By  adding  an  aqueous  solution  of  barinm  oiide  to  the  reanltont 
solntion,  the  whole  of  the  peroijile  contained  in  the  solaUon  may  be  precipitated  as  a. 
pore  aqneons  compound.  The  first  portions  of  the  precipitate  will  consistof  impurities-- 
tot  instance,  oxide  ot  iron.  The  barium  peroiide  separates  out.  and  is  collected  on  a 
filter  and  washed;  it  then  forms  a  substance  luiving  an  entirely  definite  composition, 
BaO^BH,0,  and  is  very  pure.  Pure  hydrogen  peroxide  should  aluays  be  prepared  from 
such  purified  barinm  peroxide. 

°  In  the  cold,  strong  sulphuric  arid  with  barium  peroiide  gives  oione ;  when  dilated 
with  a  certain  nroouut  of  water  it  gives  oiygen  (see  Note  fl),  and  hydrogen  peroxide  is 
only  obtained  by  the  acUon  ot  very  w»th  sulphuric  acid.  Tlio  acids  hydrochloric, 
hydrofluoric,  carbonic,  and  hydtosilicofluorio,  and  others,  when  diluted  with  water  also 
give  hydrogen  peroxide  with  barium  peroiide.  Professor  Sihilne.  who  investigated 
hydrogen  peroiide  with  great  detail,  showed  thai  it  is  formed  by  the  action  of  many  ot 
tha  above-mentioned  acids  on  barinm  peroxide. 
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luiriiiiu  peroxide  remains  in  solution.**  The  reactiou  is  expressed 
by  the  equation  BaOj  +  HjSO.sHjOj  +  BaSO,.  It  is  befit  to  take  a 
weak  cold  solution  of  sulphuric  acid  and  to  almost  saturate  it  with 
barium  peroxide,  so  that  a  small  excess  of  aciil  remains ;  iusriluble 
barium  sulphate  is  formed.  A  more  or  less  dilute  aqueous  solution 
of  hydrogen  peroxide  is  obtained.  This  solution  may  lie  eimcentrated 
in  a  vacuum  over  sulphuric  acid.  In  this  way  the  watei'  may  even  be 
entirely  evaporated  from  the  solution  of  the  hydrogen  peroxide  ;  only 
in  this  case  it  is  necessary  to  work  at  a  low  temperature,  and  not  to 
keep  the  peroxide  for  long  in  the  rarefied  atmosphere,  as  otherwise  it 
decoroposea.'^ 

When  pure,  hydrogen  peroxide  is  a  colourless  liquid,  without  smnll, 
itnd  having  a  very  unpleasant  taste — such  as  belongs  to  the  salts  of 
many  metals^tlio  so-called  '  metallic  '  taste.  Water  held  in  zinc  vessels 
has  this  taste,  which  is  probably  due  to  iU  containing  hydrogen  peroxide. 
The  tension  of  the  vapour  of  Lydrpgen  peroxide  is  less  than  that  of 
aqueous  vapour  ;  this  enables  its  solutions  to  be  concentrated  in  a 
vacuum.  The  specitic  gravity  of  anhydrous  hydrogen  peroxide  is  1 465. 
Pure  hydrogen  peroxide  decomposes,  with  the  evolution  of  oxygen,  when 
heated  even  to  20°  (by  the  action  of  light  J).  But  the  more  dilute  its 
aqueous  solution  the  more  stable  it  is.  Very  weak  solutions  may  be 
distilled  without  the  hydrogen  }>eroxide  decomposing.  It  decolorises 
solutiiins  of  litmus  and  turmeric,  and  acta  in  a  similar  manner  on  many 
colouring  matters  of  organic  origin  (for  which  reason  it  is  employed  for 
bleaching  tissues). 

Many  gubntanefi  dicojiipone  hyilrvgeH  j>erai^le,  fonning  water  and 
oxygen,  without  apparently  suffering  any  change.  In  this  case  sub- 
stances  in  a  state  of  fine  division  evince  an  incomparably  quicker  action 

"  With  the  majority  of  •cidii,  tliat  Bolt  of  bariomwfiichiBtoniiBd  reniainBin  soliilion; 
tliBfl,  for  mat&nofl,  by  emptoi^fTiydrochforic  acid,  bydi-ogea  peroxide  uidbarmmcbloridti 
reiaun  in  solution.  Complicsteil  pmcOHWH  woald  be  leqoired  to  obtua  pnie  hydrogen 
iwimide  Iroin  such  a,  Bolntion.  It  is  much  more  convenient  to  take  ndvuitage  of  the 
ftetion  of  eoibonio  anliydride  on  the  pnro  hydrate  of  buiam  poroiida.  For  this  purpose 
tliu  hydmte  in  stirred  up  in  water,  and  a  rapid  atreiua  of  caibonio  anhydride  in  piuaed 
ttin>u)(li  the  valer.  Bariuin  cwbonate,  insolable  in  water,  id  formed,  and  the  hydrogen 
pcrorido  romiutia  in  Bolotion,  so  thut  it  may  he  separated  from  the  carbonate  by  filtering 
only.  Od  a  large  BOole  hyilroflaosilicic  Acid  is  employed,  because  its  hariiua  salt  ia  also 
insolable  in  water. 

"  Hydrogen  peroxide  may  lie  eitracted  from  very  dilate  solutiuns  by  means  of  ether, 
whiih  dissoWoB  it,  and  when  miied  with  it  the  hydrogen  peroiido  may  even  be  distilled. 
A  solution  of  hydrogen  perradde  in  water  may  be  enriched  by  cooling  it  to  a  low  tempera- 
ture, when  the  water  cryBtnllises  out— that  is,  is  Donvertod  into  ice— whilst  the  hydnigen 
peroxide  remaiaa  in  aolntion,  as  it  only  rroeras  at  very  low  temperatures.  It  mu«t  be 
observed  Ihot  hydrogen  peroxide,  in  a  strong  solution  in  n  pure  stale,  is  exceedingly 
unstable  even  at  the  ordinary  temperature,  and  therefore  it  most  be  preserved  in  vetsel* 
always  kept  cold,  as  otherwiae  it  evolves  oxygen  and  forme  water. 
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than  compact  masses,  from  which  it  is  evident  that  the  action  is  here 
based  on  contact  (see  Introduction).  It  is  enough  to  bring  hydrogen 
peroxide  into  contact  with  charcoal,  gold,  the  peroxide  of  manganese 
or  lead,  the  alkalis,  metallic  silver,  and  platinum,  to  bring  about  the 
above  decomposition.*"*  Besides  which,  hydrogen  peroxide  forms  water 
and  parts  with  its  oxygen  with  great  ease  to  a  number  of  substances 
which  are  capable  of  being  oxidised  or  of  combining  with  oxygen,  and 
in  this  respect  is  very  like  ozone  and  other  powerful  oxidisers.'^^^  To 
the  number  of  contact  phenomena,  which  are  so  natural  to  hydrogen 
peroxide,  as  a  substance  which  is  unstable  and  easily  decomposable  with 
the  evolution  of  heat,  must  be  referred  the  following — that  in  the  pre- 
sence of  many  substances  containing  oxygen  it  evolves,  not  only  its  own 
oxygen,  but  also  that  of  the  substances  which  are  brought  into  contact 
with  it — that  is,  it  acts  in  a  reducing  manner.  It  behaves  thus  with 
ozone,  the  oxides  of  silver,  mercury,  gold  and  platinum,  and  lead 
peroxide.  The  oxygen  in  these  substances  is  not  stable,  and  tlierefore 
the  feeble   influence   of   contact   is   enough  to  destroy    its    position. 

^  As  the  result  of  carefal  research,  certain  of  the  catalytic  or  contact  phenomena 
have  been  subjected  to  exact  explanation,  which  shows  the  participation  of  a  substance 
present  in  the  process  of  a  reaction,  whilst,  however,  it  does  not  alter  the  series  of  changes 
proceeding  from  mechanical  actions  only.  Professor  Schone,  of  the  Petroftsky  Academy, 
has  already  explained  a  number  of  reactions  of  hydrogen  peroxide  which  previously  were 
not  understood.  Thus,  for  instance,  he  showed  that  with  hydrogen  peroxide,  alkalis  give 
peroxides  of  the  alkaline  metals,  which  combine  with  the  remaining  hydrogen  peroxide, 
forming  unstable  compounds  which  are  easily  decomposed,  and  therefore  alkalis  eviDco 
a  decomposing  (catalytic)  influence  on  solutions  of  hydrogen  peroxide.  Only  acid  solu- 
tions of  hydrogen  peroxide,  and  then  only  dilute  ones,  can  be  preserved  well. 

■  M  Sydrogen  peroxide  J  as  a  substance  containing  much  oxygen  (namely,  16  parts  to 
one  part  by  weight  of  hydrogen),  exhibits  many  oxidising  reactions.  Thus,  it  oxidises 
arsenic,  converts  lime  into  calcium  peroxide,  the  oxides  of  zinc  and  copper  into  peroxides ; 
it  parts  with  its  oxygen  to  many  sulphides,  converting  them  into  sulphates,  &c.  So,  for 
example,  it  converts  black  lead  sulphide,  PbS,  into  white  lead  sulphate,  PbSO^,  copper 
sulphide  into  copper  sulphate,  and  so  on.  The  restoration  of  old  oil-paintings  by  hydrogen 
peroxide  is  based  on  this  action.  Oil-colours  are  usually  admixed  with  white  lead,  and  in 
many  cases  the  colour  of  oil-paints  becomes  darker  in  process  of  time.  This  is  partly 
due  to  the  sulphuretted  hydrogen  contained  in  the  air,  which  acts  on  white  lead, 
forming  lead  sulphide,  which  is  black.  The  intermixture  of  the  black  colour  darkens  the 
rest.  In  cleaning  a  picture  with  a  solution  of  hydrogen  peroxide,  the  black  lead  sulphide 
is  converted  into  white  sulphate,  and  the  colours  brighten  owing  to  the  disappearance 
of  the  black  substance  which  previously  darkened  them.  Hydrogen  peroxide  oxidises 
with  particular  energy  substances  containing  hydrogen  and  capable  of  easily  parting 
with  it  to  oxidising  substances.  Thus  it  decomposes  hydriodic  acid,  setting  the  iodine 
free  and  converting  the  hydrogen  it  contains  into  water ;  it  also  decomposes  sulphuretted 
hydrogen  in  exactly  the  same  manner,  setting  the  sulphur  free.  Starch  paste  with 
potassium  iodide  is  not,  however,  directly  coloured  by  peroxide  of  hydrogen  in  the  entire 
absence  of  free  acids;  but  the  addition  of  a  small  quantity  of  iron  sulphate  (green  vitriol) 
or  of  lead  acetate  to  the  mixture  is  enough  to  entirely  blacken  the  paste.  This  is  a  very 
sensitive  reagent  (teat)  foy  peroxide  of  hydrogen,  as  is  also  the  test  with  chromic  acid 
and  ether  (see  Note  8). 
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Hydrogen  peroidile,  especially  in  a  concentrated  form,  in  contact  with 
these  fiubstancea,  evolves  an  iiumenae  quantity  of  oxygen,  ao  that  an 
explosion  takes  place  and  an  exceedingly  powerful  evolution  of  heat  is 
observed  if  hydrogen  pei-oxide  in  a  concentrated  form  be  made  to  fall 
in  drops  upon  tlieae  Eubstances  in  dry  powder.  An  exactly  similar  de- 
composition takes  place  in  dilute  Bolutioris,'^ 

Just  as  a  whole  series  of  metallic  compounds,  and  especially  the 
oxides  and  their  hydrates,  correspond  with  water,  so  also  there  are 
many  substances  analogous  to  iiydrogen  peroxide.  Thus,  for  instance, 
calcium  peroxide  is  re1at«d  to  hydrogen  peroxide  in  exactly  the  same 
way  as  calcium  oxide  or  lime  is  related  to  water.  In  both  cases  the 
hydrogen  is  replaced  by  a  metal — namely,  by  calcium.  But  it  is  most 
important  to  remark  that  the  nearest  approach  to  the  properties  of 
hydrogen  peroxide  is  aflbrded  by  a  non*metalUc  element,  chlorine  ;  its 
action  on  colouring  matters,  its  capacity  for  oxidising,  and  for  evolving 
oxygen  from  many  oxides,  is  analogous  to  that  exhibited  by  hydrogen 
peroxide.  Even  the  very  formation  of  chlorine  is  closely  analogous  to  the 
formation  of  peroxide  of  hydrogen  ;  clilorine  is  obtained  from  manganese 
peroxide,  MnO,,aitd  hydrochloric  acid,  HCl,  and  hydrogen  peroxide  from 
tiarium  peroxide,  BaO,,  and  the  same  acid.  The  result  in  one  case  is 
essentially  wat«r,  clilorine,  and  manganese  chloride  ;  and  in  the  other 
case  there  Is  produced  barium  chloride  and  hydrogen  peroxide.  Hence 
water -h  chlorine  corresponds  with  hydrogen  peroxide,  and  the  action 
of  chlorine  in  the  presence  of  water  is  analogous  to  the  action  of 
hydrogen  peroxide.  This  analogy  between  chlorine  and  hydrogen 
[jeroxide  is  expressed  in  the  conception  of  on  acjueous  radicle,  which 
(Chap.  III.)  has  been  already  mentioned.  This  aqueov^  radicle  (or 
hydroxyl)  is  that  which  is  left  from  water  if  it  be  imagined  as  deprived 
of  half  of  its  hydrogen.  According  to  this  method  of  expression,  caustic 
soda  will  be  a  compound  of  sodium  with  the  aqueous  radicle,  because  it 
is  formed  from  water  with  the  evolution  of  half  the  hydrogen.  This  is 
expressed  by  the  following  formuhe  :  wat«r,  HgO,  caustic  soda,  NaHO, 

"  Touipliiin  tbe  pheDomt^ncmanhypothctiiB  liaa  been  put  fnrwuFd  by  Brodic,  CIuEkBiiM, 
(Hid  ijchciubum  nhich  Hoppoua  ordinuy  aijgen  to  be  nn  elecCricaJly  nautml  subsUnce, 
I'ompOHid  ot,  so  bo  speak,  two  electiicollr  opposite  upectK  oF  oxygen — poii  live  uid  negntJTe. 
It  IE  guppDued  tbat  hydrogen  peroiide  conUini  one  kind  ol  ■nob  poUr  oijKen,  wliilst  in 
ihc  oiidBB  dF  the  &boTB-niimed  melala  tlie  oxygen  ia  oF  opposite  poUrity.  It  ia  snppoBed 
that  in  tlie  oiddos  oF  the  metidii  Uie  oxygen  i%  electro-negative,  and  in  hydrogen 
peroxide  eleotro-po«itive,  and  that  od  tbu  mataal  oontact  oF  these  aubataiiBea  ordinalj 
oeutral  oxygen  in  evolved  aa  a  consequence  ol  the  mutual  attraction  of  the  oxygens  of 
iipposite  polarity.  Brodie  admits  the  polarity  ot  oxygen  in  oombination,  but  not  in  an 
itucombined  state,  whilst  Sdiiinbein  supposes  ancombiiied  oxygen  to  be  polar  aleo,  son- 
sideling  oinne  as  eleotTO-negativa  oxygvu.  The  sappoaJtion  of  the  oxygen  of  ozone  being 
uthet  than  that  of  hydrogen  peroxide  is  contradicted  by  the  fact  tbat  in  acting  on  barium 
peroxide  attoug  salpbaric  acid  Fotras  o£OUe,  and  dilate  acid  forms  hydrogen  peroxide. 
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juat  M  hyOroohloric  acid  is  HCl  and  sodium  chloride  Nad.  Hence  the 
Hj^ueous  radicle  HO  is  a  compound  radicle,  just  as  chlorine,  CI,  is  a 
ainiple  radicle.  They  give  hydrogen  compounds,  HHO,  water,  and  HCl, 
hydrochloric  acid  ;  aodium  compounds,  NaHO  and  NaCl,  and  a  whole 
teries  of  analogous  compounds.  Free  chlorine  in  this  sense  will  be 
CICl,  and  hydrogen  peroxide  HOHO,  which  indeed  expresses  its 
ooDipOHition,  liecause  it  contains  twice  as  much  oxygen  as  water. 

Thua  in  ozone  wid  hydrogen  peroxide  we  see  examples  of  very 
unatalile,  eaaily  decomposable  (by  time,  spontaneously,  and  on  contact) 
Bubiitances,  full  of  the  energy  necessary  for  change, ''"  capable  of 
being  eaaily  reconstructed  (in  this  case  decomposing  with  the  evolu- 
tion of  heat) ;  therefore  they  are  examples  of  uiuilnbh  rhemieai 
ngiiililiria.  If  a  substance  exists,  it  aignities  that  it  already  presents  a 
certain  form  of  equilibrium  between  those  elements  of  which  it  is  built 
up.  But  chemical,  like  mechanical,  equilibria  exhibit  different  degrees 
of  Btnbility  or  solidity.*^ 

■■  The  lower  oxides  of  nitrogen  and  chlorine  end  the  higher  oxides  of  manguiesa 
an  kIbo  [onned  with  the  absorption  of  Iwat,  »nd  therefore,  like  hydrogen  peroiide,  net  in 
m  powerfully  oxidising  majiner,  and  are  not  (onned  by  the  same  mothoda  u  the  niaiority 
ot  other  oxide*.  It  is  evident  that,  being  eudowed  witharieher  store  of  energy  (ncqnired 
In  Dombination  OT  absorption  of  heat),  Bttob  sabiitanoes.  compared  with  others  poorer 
In  energy,  irill  oxhibit  the  greatest  diremity  of  coseii  of  chemical  action  with  other  nib- 

X  II  the  point  of  support  of  u  body  hee  in  a  vertical  line  below  the  centre  of  grayity,  the 
equilibrium  is  entirely  nnstable.  If  the  centre  ul  gravity  lies  below  the  point  of  sapport, 
llie  ilate  of  equtlibrinm  is  very  stable,  and  a  vibration  may  toko  place  about  this  pou- 
tion  of  stable  eqnilibriam,  as  in  a  pendnlnm  or  balance,  wliich  unds  in  the  body  passing 
to  its  (Kisitiou  of  stable  equllibriuni.  But  if.  keeping  tu  the  same  mechanical  euunple, 
the  body  be  supported  n(it  on  a  point,  in  the  geometrical  sense  ol  the  Hurd,  but  ou  a 
einall  plane,  then  the  state  of  unstable  equllibtinm  may  be  preserved,  unlesa  destroyed 
by  eitemal  in&uences.  Thns  a  man  standB  upright  sapported  ou  the  plane,  or  several 
points  of  the  surf  aces  of  his  feet,  having  the  centre  ot  g^a^-ity  above  the  points  of  support. 
Vibration  is  then  passible,  hut  it  in  limited,  otherwise  on  [lassing  outside  the  limit  ol 
possible  eqiiilibriniD  another  more  stable  position  is  attained  about  which  vibration 
becomes  more  possible.  A  prism  immersed  in  water  may  have  seFeral  more  or  less 
statile  positions  of  eqailibrium.  It  is  the  same  with  the  atoms  iu  molecules.  Some 
molecules  present  a  stata  of  more  stable  equilibrium  than  others.  Hence  From  this  simple 
ooDiparison  it  will  be  already  clear  that  the  stability  of  molecules  may  vary  considerably, 
that  one  and  the  same  elements,  taken  in  Oie  same  nmnber,  may  giveisomerideB  of  different 
stability,  and.  lastly,  that  there  may  exist  states  ot  equilibria  which  arc  bo  unstable,  so 
ephememl,  that  they  will  only  arise  under  particnlarly  special  cnnditioon — Hoch,  tor 
example,  as  cartain  hydrates  mentioned  in  the  first  chapter  (ww  Notes  67,  B7,  ana  others). 
And  if  in  one  case  Uie  instability  of  a  given  state  ot  equilibrium  is  expressed  by  its 
instability  with  a  change  of  temperature  or  physical  state,  then  in  other  caws  it  is 
expressed  by  the  case  of  decomposition  under  the  influence  ot  contact  oroF  the  purely 
obemical  influence  ot  other  substances.  However  clearly  the  greater  or  less  stability 
o(  the  elementary  etroctura  o(  substanpes  be  depicted  to  as  in  these  general  eousidera- 
tioiiB,  still  at  preaent  there  is  no  possibility  of  presenting  tham  in  a  soBieiently  con- 
crete form  to  enable  pnrely  mechanical  conceptions  to  be  applied  to  them;  that  is, 
to  labjecb  them  to  mathematical  analysis,  and  to  master  the  subject  to  such  an  extent 
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Besides  this,  hydrogen  peroxide  indicates  anotiier  side  of  the  subject 
^hich  is  uot  less  important,  and  is  much  clearer  and  more  general. 

Hydrogen  unites  with  oxygen  in  two  degrees  of  oxidation  :  water 
or  hydrogen  oxide,  and  oxygenated  water  or  Jiydrogen  peroxide  ;  for  a 
given  quantity  of  hydrogen  the  peroxide  contains  twice  as  much  oxygen 
as  does  water.  This  is  a  fresh  example  confirming  the  correctness  of 
the  law  of  multiple  proportions,  of  which  we  have  already  made  men- 
tion in  speaking  of  the  water  of  crystallisation  of  salts.  Now  we  can 
formulate  this  law  with  entire  clearness— (/te  lau>  iif  multiple  propor- 
tiotM.  Ifttco  Todicltt  A,  atul  B  (et(Aer  simple  or  compound  sv^stanees), 
ii-nite  togetlier  In  form  sei-KTol  comptntnds,  A,B„,  A„Br  .  ,  .  .,  then 
having  fx/n-egiied  tlm  comfxiniliona  of  all  these  eompaunrl/i  in  micK  a  way 
thai  the  quantity  (6y  weight  iir  volume)  of  one  of  the  coiitponatU  parts 
icill  he  a  eonatanl  quantity  A,  it  loill  be  observed  thai  in  all  the  compounds 
AB„,  ABj  .  .  .  .  t/itf  qunntitieg  of  the  otJier  eomjionent  part,  B,  viili 
altoayg  be  in  eomTnenturable  relation  .•  generally  in  simple  tnultipl^ 
proportioji — that  is,  that  a  :  b  .  .  .,  or  m/n  is  to  rjq  as  whole  numbert, 
tor  instance  iig  2  :  3  or  3  :  i.  ■  .  . 

I  The  analysis  of  water  shows  that  in  100  parts  by  weight  it  contains 
il'll^  parts  by  weight  of  hydrogen  and  68-1:^88  of  oxygon,  and  the 
analysis  of  peroxide  of  hydrogen  shows  that  it  contains  9-i'112  parts  of 
oxygen  to  5'888  parts  of  hydrogen.  In  this  the  analysis  is  expressed, 
as  analyse  generally  are,  in  percentages  ;  that  is,  it  gives  the  amounts 
of  the  elenteuts  in  a  hundred  parts  by  weight  of  the  substance.  The 
direct  comparison  of  the  percentage  compositions  of  water  and  hydrogen 
peroxide  does  not  give  any  simple  relatitm.  But  such  a  relation  is 
immediately  observed  if  we  calculate  the  composition  of  water  and  of 
hydrogen  peroxide,  having  taken  either  the  quantity  of  oxygen  or  the 
i|uantity  of  hydrogen  aaa  constant  quantity — for  instance,  as  unity.  The 
most  simple  proportions  show  that  in  water  there  ai-e  contained  eight 
parts  of  oxygen  to  one  part  of  hydrogen,  and  in  hydrogen  peroxide 
sixteen  parts  of  oxygen  to  one  part  of  hydrogen  ;  or  one-eighth  part  of 
hydrogen  in  water  and  one  sixteenth  part  of  hydrogen  iti  hydrogen 
peroxide  to  one  part  of  oxygen.  Naturally,  the  analysis  does  uot  give 
these  figures  with  absolute  exactness—it  gives  tlieni  within  a  certain 
degree  of  error — but  they  approximate,  as  the  error  diiniutBliea,  to  that 
limit  which  is  here  given.  The  comparison  of  the  cju  an  titles  of  hydrogen 
lod  oxygen  in  the  two  substances  above  named,  taking  one  of  the  com- 
Kjponents  as  a  constaiit  quantity,  gives  an  example  of  the  application  of 
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the  law  of  multiple  proportions,  because  water  contains  eight  parts  and 
hydrogen  peroxide  sixteen  parts  of  oxygen  to  one  part  of  hydrogen,  and 
these  figures  are  commensurable  and  are  in  simple  proportion  as  1  :  2. 

An  exactly  similar  multiple  proportion  is  observed  in  the  composition 
of  all  other  well -investigated  definite  chemical  compounds,^°  and  there- 
fore the  law  of  multiple  proportions  is  accepted  in  chemistry  as  the 
starting  point  from  which  other  considerations  are  judged. 

The  law  of  multiple  proportions  was  discovered  at  the  very 
beginning  of  this  century  by  John  Dalton,  of  Manchester,  in  investigat- 
ing the  compounds  of  carbon  with  hydrogen.  It  appeared  that  two 
gaseous  compounds  of  these  substances — marsh  gas,  CH4,  and  olefiant 
gas,  C2H4,  contain  for  one  and  the  same  quantity  of  hydrogen  quanti- 
ties of  carbon  which  stand  in  multiple  proportion  ;  namely,  marsh  gas 
contains  relatively  half  as  much  carbon  as  olefiant  gas.  Although  the 
analysis  of  that  time  was  not  exact,  and  did  not  give  Dalton  results 
in  complete  accordance  with  truth,  still  the  accuracy  of  this  law, 
recognised  by  Dalton,  was  confirmed  by  further  more  accurate  investiga- 
tions. On  establishing  the  law  of  multiple  proportions,  Dalton  gave  a 
hypothetical  explanation  for  it.  This  explanation  is  based  on  the 
atomic  theory  of  matter.  In  fact,  the  law  of  multiple  pix)portions  is 
understood  with  unusual  ease  by  admitting  the  atomic  structure  of 
matter. 

"*  When,  for  example,  any  element  form«  several  oxides,  they  are  subject  to  the 
law  of  multiple  proportions.  For  a  given  quantity  of  the  non-metal  or  metal  the 
quantities  of  oxygen  in  the  different  degrees  of  oxidation  will  stand  as  1 :  2,  or  as  1  :  8,  or 
as  2  :  8,  or  as  2  :  7,  and  so  on.  Thus,  for  instance,  copper  combines  with  oxygen  in  at 
least  two  proportions,  forming  the  oxides  found  in  nature,  and  called  the  suboxide  and 
the  oxide  of  copper,  Cu.^O  and  CuO ;  the  oxide  contains  twice  as  much  oxygen  as  the  sub- 
oxide. Lead  also  presents  two  degrees  of  oxidation,  the  oxide  and  peroxide,  and  in  the 
latter  there  is  twice  as  much  oxygen  as  in  the  former,  PbO  and  PbO^.  The  Rubstance 
known  under  the  name  of  minium,  and  which  is  somewhat  widely  used  as  a  red  paint, 
is  only  a  mixture  of  the  mutual  compounds  of  these  oxides,  which  is  proved  not  only  by 
the  inconstancy  of  its  composition,  but  also  by  the  fact  that  reagents  capable  of  extract- 
ing the  oxide  of  lead,  especially  acids,  do  actually  extract  it  and  leave  lead  peroxide. 
When  a  base  and  an  acid  are  capable  of  forming  several  kinds  of  salts,  normal,  acid,  basic, 
and  anhydro-,  it  is  found  that  they  also  clearly  exemplify  the  law  of  multiple  proportions. 
This  was  demonstrated  by  Wollaston  soon  after  the  discovery  of  the  law  in  question.  We 
saw  in  the  first  chapter  that  salts  show  different  degrees  of  combination  with  water  of 
crystallisation,  and  that  they  obey  the  law  of  multiple  proportions.  And,  more  than 
this,  the  indefinite  chemical  compounds  existing  as  solutions  may,  as  we  saw  in  the  same 
chapter,  be  brought  under  the  law  of  multiple  proportions  by  the  hypothesis  that  solu- 
tions are  unstable  hydrates  formed  according  to  the  law  of  multiple  proportions,  but 
occurring  in  a  state  of  dissociation.  By  means  of  this  hypothesis  the  law  of  multiple 
proportions  becomes  still  more  general,  and  all  the  aspects  of  chemical  compounds  are 
subject  to  it.  Tlie  direction  of  the  whole  contemporary  state  of  chemistry'  was  deter- 
mined by  the  discoveries  of  Lavoisier  and  Dalton.  By  bringing  indefinite  compounds 
also  under  the  law  of  multiple  proportions  we  arrive  at  that  unity  of  chemical  conceptionn 
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The  essence  of  the  atomic  theory  is  that  matter  is  supposed  to  c 
sist  of  an  agglomeration  of  small  and  i ad i  visible  parts — atoms — which  do  J 
not  till  up  the  whole  space  occupied  by  n  subst-duce,  but  stand  apart 
from  each  otlier,  lUi  the  sun,  planets,  and  stars  do  ant  fili  up  the  whole 
space  of  the  universe,  but  are  at  a  distance  from  each  other.  The  form  and 
properties  of  substiuices  ai'e  determined  by  the  position  of  their  atoms  ii 
space  and  by  their  state  ofmovement,  while  the  phenomena  accomplished 
«  understood  as  redistributions  of  the  relative  positions 
1  their  movement.  The  atomic  representatioi 
matter  arose  in  very  ancient  times,^'  and  up  to  recent  times  was  at  strife  | 
with  the  dynamical  hypothesiH,  which  considers  matt«r  as  only  a  mn 
festation  of  forces.  At  the  present  time,  however,  the  majority  of  | 
scientitic  men  uphold  the  atomic  hypothesis,  although  the  present  ci 
ception   of    an   atom    is   quite   diti'ernut   from    that    of    the    ancient    \ 
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whidh  »■«  uniHHiBible  «>  long  na  HaSnite  comiminds  < 
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"    LeuciplHln,  Domocritus,  Bad  eipccially  Lu^retinn,  in  the  i^Ussical  Bget,  re] 
senbed  matter  lu  made  up  ol  atoms — thai  is.  of  parts  incaimble  of  furtber  divieioa.     ! 
geometrical  impoHibilit;  of  aaoli  an  admiaaion,  »s  well  as  the  conclniionB  whioh  ■ 
dednced  by  the  uioient  alomiBtH  from  their  fimd&RieiitKl  prapaaitioDs,  prevented  nthar    , 
philmwphera  from  following  them,  and  tbe  B(oiiiic  doctrine,  like  ver;  man;  olhen,  liired, 
without  being  ntifled  by  fact,  in  the  imaginatiooB  ol  its  foUowera.    Between  the  praient 
alomic  Uieory  and  the  doctrine  of  tbe  aboTO.named  anoieut  philoaophera  there  [«  naturally     | 
a  nmote  historical  eonneetion,  as  between  Iha  doctrine  of  Pythagoras  and  Copemicaa,     i 
bat   they  are  eaaentially  profonndly  different.     For  ub  the  atom  ii  iudiviaible,  uol  in     i 
the  geometrical  abatract  senile,  but  only  in  a  phyaicol  and  chemical  sense.     It  would  b> 
better  to  call  the  atoms  indivisible  iHiIiviiIuoIir.     The  Qreekatom^  the  Latin  indiridual,    { 
according  to  both  the  sam  and  sense  of  the  wordn,  but  historically  these  ti 
endowed  with  a  different  meaning.     Tlie  inilividnal  in  mechanically  aod  geometrically     I 
divisible,  bat  only  indiTiaible  in  a  definite  sense.     The  earth,  the  sun,  a.  man  or  fly 
are  individuals,  although  geometrically   divisible.    Thos  the  atoms  of  oantemporary 
Bcientie,  indivisible  in  a  physico-chemical  sense,  form  those  unita  which  are  eonoerued  in 
theiurestigatiiiD  of  tbe  natural  pheoomenaof  matter,  jaatosaman  is  an  indivisible  anit  in 
the  investigation  of  social  relations,  or  as  the  stan,  planets,  and  laounajies  serve  asnnita 
in  astronomy.    Tlie  formation  of  the  Tortei  hypotheois,  in  whidi,  as  we  shall  niterward* 
see,  atoma  are  enliTH  whirls  mecbaixically  complex,  although  physioo-chemically  in  divisible, 
already  abows  that  the  seientific  men  of  our  time  in  holding  lo  the  atomic  theory  havs 
only  borrowed  the  word  and  l^rm  from  the  ancient  philoaophers,  and  not  the  essence  ol 
tbeir  atomic  doctrine.     It  is  erroneous  to  imagine  that  the  contemporary  conceptions  of 
the  atomista  are  nothing  but   the  repetition  of  the  metaphysical  reasoning*  oF  the 
ancients.     As  a  geometrician  in  reasoning  about  curves  represents  them  as  formed  of  a 
■um  total  of  straight  lines,  because  such  a  method  enables  him  lo  analyse  the  aubject 
under  investigation,  so  the   scientific  man  applies    the    atomic   theory   t 
at  analysing  the  phenomena  of  nature.     Natorolly  there  are  people  now, 
tiTues.  and  bh  there  always  will  be,  who  apply  raality  to  imagination,  and  theretoK     i 
there  are  to  be  found  aloumts  of  extreme  views;  but  it  ia  not  in  their  spirit  that  wa    I 
■hotdd  acknowledge  the  great  aurviusa  reudered  by  the  atomic  doctrino  to  all  ac 
Fhich,   while   it   has  been  esaentially  iudepeudeutly  developed,  is,  ii  it  be  desired  to 
reduce  all  ideas  to  the  doctrines  of  the  ancients,  a  anion  of  the  andent  dynamical  and 
■tomle  doctrines.  I 
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philosophers.     N««w,  ah  aIoiu  i&  nrrc»T«d^  ntber  as  an  isolate  or  unit 
whith  is  iiulivisililt*  l«y  pbT^oid  ^JtDii  ciMmica]  forces,  mhikt  the  atom 
of  the  aneient&  was  uit^-haiutWUT  aijd  ^^^vim^tncallT  indivisible.     When 
Daltoi)  ( 1 S04)  ilui*-oviMVHi  \ht^  lav  irf  i»iihi|Oe  pmjKirtaons,  be  pronounced 
himself  in  favour  t*f  tht^  aUMuk*  iiiVliiix%  biviaiKie  ii  enables  this  law  to 
lie   very  raAilv  uiulrritoi^iL     If  ibe  iJiviMlttliiT  irf  eTerv  eJeroent  has  a 
limit,  namely  ibt*  atom^  ibt^  tb^  «1h«us  erf  t^kanect^  are  the  extreme 
limits  of  all  tli\  iiibility,  ainl  tbx\v  diffc^r  fi\«n  <»acb  t<tbeT  in  tb«r  nature, 
and  the  furmatitm  i\f  a  i»mpou£Hi  fi\m:i  eilesDentajT  n^art<er  must  consist 
in  tlie  a{ji;re|ratiou  uf  sewral  difftrtrent  at'Cons  into  one  vbo}e  or  system 
of  atoma,  now  t^ermtiJ  farfi^itif  or  »m^'f*(^'e4L     As  aTnan?  can  only  com- 
bine ill  their  entire  masses,  it  is  evi<ient  tliai  n<»t  oiJt  tbe  law  of  defi- 
nite  c*omp<isitioii,  but  alsotbat  of  multaple  j^rojiccricais,  must  apply  to  the 
combination  of  atouij.  with  one  aiiotber  :    i<yr  Cttie  atom  of  a  sulistance 
can  couibine  with  oiif,  twa  or  ibreie  at<«n5>  of  aix^tber  substance,  or  in 
general  one,  two,  three  atoms  <:«f  one  substanoe  are  able  to  oconbine  with 
one,  two,  or  three  atoms  oi  anotlier  :    this  being  the  esenoe  of  tbe  law 
of  multiple  pn»porti<«ns.     CbeEoical  and  physica]  data  are  very  well 
exjjiaiiied  by  the  aid  of  the  atomic  theory.     Tbe  displaoement  of  one 
element  by  another  follows  the  law  of  exjuivalency.       In  this  case  one 
or  Heveral  atoms  of  a  given  element  take  the  f»lac>e  of  one  or  several 
jiton)s  of  another  element  in  its  oompooDds.      The  atoms  oi  different 
KubsUinces  can  be  mixed   together  in  the  same  sense  as  sand  can  be 
mixe<l  with  clay.    Thev  do  not  unite  into  one  whole  -  i,^.,  there  is  not  a 
perfect  blending  in  the  one  or  other  case,  but  only  a  juxtaposition,  a 
homogeneous  whole    being   formed    from    ind]\idual    parts.      Tliis   is 
the  first  and  most  simple  form  of  applying  the  atomic  theory  to  the 
explanation  of  chemical  phenomena.** 

^'  Dalton  and  many  of  his  «icce»»M>rs  *li^^tm^i»^h*d  the  at<»nis  of  elt-mt^nt«  and 
compoundK,  in  which  they  already  clearly  vnn\t*A\%te^  tlie  difference  of  their  opini.^n  irova. 
the  representationfi  of  the  ancient*-  Now  only  the  individuals  of  the  element*,  indi- 
visible by  physical  and  chemical  forces  ***  termed  atom».  and  the  individaal-i  of  ci>m- 
[)Ounds  indivisible  under  physical  changes  are  termed  molecules :  these  aiv  divisible  ii^to 
atoms  by  chemical  forces. 

^  Under  the  present  cfmdition  of  th**  sciences,  either  the  atomic  or  the  dvnamicAl 
hjrpothesis  in  inevitably  ol>liged  to  admit  the  existence  of  an  unobservable.  invisible,  and 
inaensible  motion  in  matter,  without  which  it  is  im(K>Shible  to  understand  either  light  or 
heat,  or  gaseous  pressure,  or  the  entire  masn  of  mechanical,  physical,  or  cheniioal 
phenomena.  Tlie  ancients  saw  vital  movement  in  animals  only,  but  to  us  the  smallest 
particle  of  matter,  endued  with  tnt  vica,  or  energ>'  in  some  degree  or  other,  is  incom- 
prehensible without  self-existent  motion.  Thus  motion  has  become  a  conception 
inseparably  knit  with  the  cr^nception  of  matter,  and  this  has  prepared  the  ground  fi»r  the 
revival  of  the  dynamic-al  hy|)othesis  of  the  constitution  of  matter.  In  the  atomic  theory 
there  has  arisen  tliat  generalising  idea  by  which  the  world  of  atoms  is  constructed,  like 
the  universe  of  heavenly  bodies,  with  its  suns,  planets,  and  meteors,  endued  with  ever- 
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A  certein  number  of  atoms  n  of  an  element  A  in  citmbining  with  I 
several  atoms  fn  of  anotlier  element  B  give  a  com[>ound  A,B„,  each  ( 
molecule  of  which  will  contain  the  atoms  of  the  elements  A  and  B  in  1 
this  ratio,  and  therefore  the  compound  will  present  a  definite  comjiogilion,  1 
expressed  by  the  formula  A,B„„  where  A  and  B  are  the  weights  of  the 

liulinK  lotue  of  nintion,  fonning  niulvcules  H8  (lie  bniTenl;  bodies  (orm  syatemn,  lika 
tlie  eulu-  HTsttiin,  vhiclj  molecnlcB  are  only  relutirel;  inilmHiblH  in  the  aame  va;  aa  thB    I 
separable,  and  ttlable  uii)  taatiDg  ui  Lhe  §otar  fl^sLem  iB 
I,  without  neceaaitating  the   nbaolate   indiviHibiliL;  oV 

constitution  ot  rtmtter.     In  cloBer  proximity  to  the  dymuiiiool  hfpothflHit  of  the  oonHtita- 
lion  of  nmtWr  is  the  oft-times  rBvived  Korlex  hypolheiii.    DesEnrleB  first  endeavoDTed 
t«  nuse  it ;  HeUnhoIti  uid  Thomson  gavn  it  a  fnllBT  and  more  modwrn  form  \  manj 
icientifiD  men  applied  it  1«  physice  and  chemistry.    The  idea  ol  voitex  rings  ss 
lU  the   st&rtinK  point   of   thii   bypothetiis;   tbitee  ure  tiuuilist  (o  all  as  the  rings  of    I 
tobacco  timoke.  and  may  be  arti&niUly  obtained  by  giTing  u  sharfi  blow  to  the  sides  of  ■    | 
eardbcwird  hot  Laving  a.  circnJar  orifiue  and  filled  with  Hmoke.    Phosphine,  as  wb  ( 
sec  lator  on,  when  buhbling  from  water  always  gives  very  perfect  vortei  rings  in  a  stiU 
atmosphere.     In  such  rings  it  is  eaKj  to  observe  a  constant  circular  motion  about  theii 
axes,  and  to  remark  the  stability  the  rings  posseas  in  their  Diolion  ol  translation.     This 
Dnchangenble  luuis,  endued  with  a  rapid  internal  motion,  is  likened  to  the  atom.    In  a 
taediam  deprived  o!  friction,  sDch  a  ring,  as  n  shown  by  theoretical  considetatioDs  of  the 
subject  from  a  mechanical  point  of  view,  would  be  peipetaal  and  nnchuigeable.    The 
rings  are    capable    of   gronping   together,   and   combining,  being   indiiisibU,   remain 
indiviBible.    The  vortex  hypotheais  has  been  established  in  our  times,  hat  it  has  not 
been  fully  developed;   its  application  to  ehemical  phenomena  is  not  clear,  althongb    i 
not  impossible  ;  it  does  not  satisfy  a  doubt  in  respect  U>  the  nature  of  the  space  txiiting  ■ 
between  the  rings  (jaat  aa  it  ia  not  clear  what  exists  between  ntoms,  and  between  Um:  J 
planets),  neither  does  it  tell  aa  what  ia  the  nature  ol  the  moving  sabstaiive  of  the  rinfc  ^ 
and  Uierefore  for  the  present  it  only  presents  the  germ  of  an  hypoUietical  conceiitloD  of 
the  coustitation  of  matter,  conseqaently,  I  consider  that  it  would  be  snpeillaoui  to 
■peak  of  ft  in  greater  dehul.     However,  the  thooghtii  of  inveetigators  are  now  (and 
mttlrally  will  be  in  the  future),  as  they  were  in  the  time  of  Dalton,  often  turned  to  the 
qnestion  of  the  limitation  of  the  mechanical  division  of  matter,  and  the  atomistg  bava 
teuched  for  an  answer  in  the  moat  diverse  spheres  of  natani.     1  select  one  of  tlia 
matiioda  tried,  which  does  not  in  any  way  refer  to  chemistry,  in  order  to  show  bow  eloHcHy   I 
all  the  proviaoeB  ol  natural  science  are  bound  together.     WoUaston  proposed  the  inre»-    I 
ligatiuli  of  the   aUnotphere  of  the  heavenly   bodiei  as  a  means  lor  confirming  tlu   J 
ce  ol   atoms.     If   the  dii-iiiibility  of  matter  be  infinite,  then  air  must  extend  I 
thnmghoat  the  entire  space  of  the  heavcnensiCeiteDdiialloverthe  earth  by  its  elastioitj  I 
and  diffusion.    II  the  infinite  divisibility  ol  matter  be  admitted,  il  is  impoisible  that  any  J 
portion  of  the  whole  space  of  the  nniverw  can  be  entirely  void  of  the  component  parts  of   | 
our  atmosphere.  But  if  mutter  be  divisible  up  to  a  certain  limit  only — oatnely,  up  U 
atom — then  there  can  egUl  a  heavenly  body  void  of  an  atmosphere ;  and  il  sucli  ahodj   1 
be  disoovered,  it  would  serve  aaan  important  (actor  for  the  acceptation  of  the  validity  of  I 
the  atomic  doctrine.    The  moon  has  long  been  considered  as  such  a  luminary,  and  Ihil  1 
eircumstance. especially  from  its  proiimily  to  the  earth,  has  been  citeid  as  the  Iwst  proof   1 
of  the  validity  of  the  atomic  doctrine.    This  proof  is  apparently  (Poisson)  deprived  of  1 
some  of  its  force  from  the  [lOBsiliillty  of  the  tronatormation  of  the  component  parte  at  ■ 
our  atmoephere  into  a  solid  or  1ir|Did  state  at  immense  heights  above  the  earth's  surfao^   I 
where  the  temperature  is  exceedingly  low ;  bnt  n  series  of  leBenrches  (Poole')  has  shon 
that  (he  temiiervture  of  the  lieaveuly  epnoe  is,  comparatively,  not  so  very  tow,  anil 
attainable  hy  experimental  means,  ao  tliat  at  the  low  existing  pressure  the  liqnefactiiut   1 
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atoms  and  m  and  n  their  relative  number.  If  the  same  elements  A  aiu 
B,  in  ndditioii  to  A„B„,,  also  yield  anotUer  compound  A,B,i  t' 
expressing  the  composition  of  the  first  compouad  by  A,„S„,  (itnd  this 
is  the  same  composition  as  A„B„),  and  of  the  second  compound  by 
A„iB^„j  we  have  tlie  law  of  multiple  proportions,  because  for  a.  given 


of  giLseB  ooiuiot  Im  vxpcicttid.  Thereforv  ihi^  aLseuL^e  o(  an  fttiuonphere  Hboat  the  rttooiL. 
it  H  were  not  BubjiHrl  to  doubt,  wonM  be  coanted  iis  t,  forcible  proof  «(  the  utomit- 
tUeory.  As  n  proufof  the  nbsence  o(  b  lanar  fttraonpherp,  it  is  eiteJ  tliat  the  mwin. 
in  its  indepflDileut  moTemeiit  betireen  tlie  stun,  when  eolipiinK  a  Htur — tWl  is,  when 
paseing  betwean  the  eye  and  the  itai — does  not  Bhow  sny  »ij{u«  of  retmotioii  at  ita 
edce;  tbe  image  uF  the  star  doos  not  alter  its  position  in  tbe  henrens  od  approacli- 
iiig  the  moon'n  sntface,  oon»equently  there  ie  no  iitoiOB|)here  on  the  moon's  aorlacH 
cajable  of  refraeting  the  raya  of  light.  8uob  is  the  eoncluaioii  by  wluth  the  shsenee  of 
a  tunai  e.tmnepheFe  is  Mknowledgsd.  Bui  this  aonclusion  ia  moHt  Feeble,  and  there  ue 
even  facte  in  exact  iwntradiotiiHi  to  it,  by  irbidli  the  eiiatenL-e  of  a  liinHr  atmoHpheie 
may  be  prosed.  The  antire  surface  of  the  moon  in  omored  with  s  number  of  luountains, 
hkving  in  the  majority  of  casos  the  oonJaal  form  naturaJ  to  rolcanues.  The  vnlcaiiic 
character  of  the  Innar  moDntaine  was  confirmed  in  Oclober  IMflS,  when  a  change  wbb 
observed  in  the  form  of  one  of  them  (tbe  crater  Ltnuea).  These  mauutaina  must  be  on 
the  edge  of  the  lunar  disc.  Seen  in  profile,  the;  screen  one  another  Hnil  interfere  with 
making  obserrationa  on  the  surtnoe  of  the  moon,  so  that  when  looking  at  the  edge  o[ 
the  lunar  disc  we  are  obliged  to  make  our  observationa  not  on  the  moon'u  Hurfaoe,  but 
at  tbe  annunits  of  Ibe  lunar  mountains.  These  mountains  lire  higher  llian  those  on 
OUT  earth,  and  consequently  at  their  summits  the  lunar  attnoapbcre  mnst  be  exceed- 
ingly rarefied  even  if  it  possess  an  observable  density  at  the  Hurfaee.  Knowing  the  mnasnr 
the  moon  to  be  eighty-two  times  leas  than  the  moss  of  the  earth,  we  are  able  to  approxi- 
mately determine  that  our  atmosphere  at  the  moon's  saHaee  would  be  about  twenty, 
eight  timet  lighter  than  it  is  on  tbe  earth,  and  conaequently  at  tbe  very  surface  of  the 
mnon  the  refraction  of  light  by  the  lunar  atoioaphere  must  bo  very  slight,  and  at  tbe 
heights  of  the  lunar  mountains  it  must  be  imperoeptible,  and  woold  be  lost  within  the 
limits  of  experimental  error.  Therefore  the  absence  of  refraction  of  light  at  the  edge  of 
the  moon's  disc  cannot  yet  plead  in  favour  ol  the  absonue  of  a  lunar  atmosphere.  Theru 
la  even  a  series  of  obaervations  obliging  us  to  admit  the  eixatenoe  of  this  ntmoaphere. 
Tliese  resenrchea  are  due  to  Sir  John  Henchel.  Tlua  ia  what  he  writes : — '  It  haa  often 
been  remarked  that  during  the  eclipse  of  a  star  by  the  moon  there  occurs  a  peculiar 
optical  iltnaion;  it  seems  as  it  the  star  before  diasppearing  ]>asBud  over  the  edge  of  the 
moon  and  ia  seen  through  the  lunar  disc,  sometimes  (or  a  rather  long  period  of  time.  I 
myself  have  observed  this  pbenouienon,  and  it  has  been  witnessed  by  perfectly  trust- 
worthy observers.  I  ascribe  it  to  optical  illation,  but  it  mast  be  admitted  that  the  star 
might  have  been  seen  on  the  lunar  diss  through  some  deep  ravine  du  the  moon.'  OenQler, 
in  Belgium  UBBO),  following  tbe  opinion  ol  KasHine',  Eiler,  and  others,  gave  an  explana- 
tion to  thii  phenomenon ;  he  considers  it  due  to  the  refraction  of  light  in  the  VBlleya  of 
the  lunar  mountains  which  occur  on  the  edge  of  the  lunar  disc.  In  tact,  although 
theae  valleys  do  not  probably  present  the  form  of  straight  ravines,  yet  it  may  sometimea 
happen  that  the  light  of  a  star  is  so  refracted  that  its  image  might  be  seen,  notwith- 
standing the  abaence  of  a  direct  path  for  tbe  light-raya.  He  tbeu  guea  on  to  remark 
that  the  density  of  tbe  lunar  atmosphere  must  he  variable  in  different  parts,  owiug  to 


tile  very  long  uighta  i 
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diflerent  parts  of  Oie  moon's  su 
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days  and  nights,  there  m 
?,  while,  on  the  contrary,  at  the  illuminated  portion  the 
ire  rareflvd.  This  variation  in  tbe  temperature  of  tlie 
face  explains  also  the  absence  of  clouds,  notwtthstiuidilig 
aqueous  vapour,  on  the  visible  Jtortiou  of  tlie  moon.    The 
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qiiantit]^  of  the  first  element,  A„,  there  occur  quantities  of  the  second   ' 
element  bearing  the  same  ratio  to  each  other  as  vvr  is  to  ^n  ;  and  as 

y,  and  n  are  whole  numbers,  therefore  their  product*  ai-e  also  whole 

Dibers,  and  this  is  also  expressed  by  the  law  of  njultiple  proportions.    | 
Consequently  the  atomic  theory  is  in  aceorrlauce  with  and   evokes  the 
first  laws  of  definite  chemical  compounds  ;  tfie  law  of  definite  composi- 
tion and  the  law  of  multiple  proportions. 

So,  also,  is  the  relation  of  the  atomic  theory  to  the  thii-d  law  of  definite  , 
chemical  compounds,  the  law  of  reciprocal  eofnbining  u-«^/if«,  whichisas 
follows  :^If  a  certain  weight  of  a  substance  C  combine  with  a  weight 
a  of  a  substance  A,  and  with  a  weight  6  of  a  substance  B,  then,  also,  the 
substances  A  and  £  will  combine  together  in  quantities  a  and  b  (or  ia 
multiples  of  them).  This  should  be  the  case  from  the  conception  of  atoms. 
LetA.B,  andCbe  the  weights  of  the  atoms  of  the  tliree  substances,  and 
for  simplicity  of  reasoning  \  let  combination  proceed  in  the  quantity  of  one 
atom.  It  ia  ev-ident  that  if  the  substance  gives  AC  and  BC,  then  the 
substances  A  and  E  will  give  a  compound  AB,  or  their  multiple,  A„B„. 

Sulphur  combines  with  hydrogen  and  with  oxygen.  Sulphuretted 
hjrdrogen  contains  thirty-two  parts  by  weight  of  sulphur  to  two  parts 
by  weight  of  liydi-ogen,  which  is  expressed  by  the  formula  HjS.  Sulphur 
dioxide,  SO,,  contains  thirty-two  parts  of  sulphur  and  thirty-two  parts  of 
oxygen,  and  therefore  we  conclude,  fi-om  the  law  of  combining  weights, 
that  oxygen  and  hydrogen  will  combine  in  the  proportion  of  two  parto 
of  hydrogen  and  thirty-two  parts  of  oxygen,  or  multiple  numliers  of 
them.  And  we  have  seen  tJiis  to  be  the  case.  Hydrogen  peroxide 
contains  thirty-two  parts  of  oxygen,  and  water  sixteen  parts,  t«  two 
ports  of  hydrogen  ;  and  so  it  is  in  all  other  cases.  This  consequence  of 
the  atomic  theory  is  in  accordance  with  nature,  with  the  results  of 
analysis,  and  is  one  of  the  most  important  laws  of  chemistry.  It  is  a  law, 
because  it  indicates  the  relation  belweeii  the  weights  of  substances  enter- 
g  into  chemical  combination.  Further  it  is  an  eminently  exact  law, 
and  not  an  approximate  one.  The  law  of  combining  weights  is  a  law 
of  nature,  and  by  no  means  an  hypothesis,  for  let  the  entire  theory  of 
tttoms  be  cast  down,  still  the  laws  of  multiple  proportions  and  of  com- 
bining weights  will  remain,  inasmuch  as  they  deal  with  facts.  Tliey 
may  be  guessed  at  from  the  sense  of  the  atomic  theory,  and  historically 

»  of  an  atmoaphere  ronnd  the  atui  wid  pliulBtB.  jodgilig  from  aittonomical  obaerv*- 
ticHiB,  maj  be  ooiiaideied  as  fully  proTsd.  Oa  Jupiter  and  Mnn  (here  may  be  oreii 
diitinpiklieJ  banda  of  cluude.  Than  the  akmiio  doctrine,  admitting  a  finite  luechnnical 
diviiibilit  J  unly,  iniut  ba,  a«  yei  at  least,  only  aocepted  as  a  means,  similar  lo  that  means 
'liuh  a  mathetDalician  employs  vhen  he  bmaks  up  a  continuous  cuirilinear  liue  into  k 
mber  of  straight  lines.  There  is  a  Hiniplicity  ol  rei>reseutDtiou  in  atoms,  but  there  ia 
absoluCH  neoeBaity  to  liare  re«)ur»is  to  them.  Tlie  conception  ol  Ibe  individuality  of 
the  parlt  of  matter  eihibited  in  cbemiml  element*  only  is  nmessarr  «nd_trust"rorth)f. 
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t)tft  )hw  (A  cf/m^Anmg  w^gfitA  u  intimatelT  connected  with  this  theorr  : 
I/at  thfry  ar^  not  identiGal,  bat  onlj  cofnnected,  with  it.  The  law  c^ 
cofnl/ininii^  weights  m  formakited  with  great  ease,  and  is  an  immediate 
ef/nMsffUfmcf'.  fA  the  at/>mic  theory,  withoat  it,  it  is  even  difficoit  to  under- 
fttan/L  iMta  for  itii  eroloticm  existed  previooslj,  hat  it  was  not  seen 
until  thofie  flata  were  interpreted  hj  the  atomic  theory.  Soch  is  the 
jfTf^lff^j  of  hjTpotheses,  Thej  are  indispensaUe  to  science ;  they  bestow 
an  fmler  and  iiimplicitj  which  are  difBcoltlj  attainable  withoat  their 
aid«  TTie  whole  historj  of  science  is  a  proof  of  this.  And  therefore 
mie  maj  Ijoldly  nay  that  it  is  better  to  hold  to  an  hypothesis  which  may 
Aft^rwanJs  prme  antrae  than  to  have  none  at  alL  Hypotheses  facilitate 
neienti^  work  ami  render  it  aniform.  The  search  for  truth,  like  the 
pkjugh  fA  the  hasliandman,  helps  forward  the  work  of  the  labourer, 
reflates  it,  anfl  forces  him  Up  think  of  the  farther  improvement  both 
iA  the  work  itself  and  fA  its  implements. 


CHAPTER   V 

NITROGEN     AND    A 


Gaseous  i'ltro;/eii  forms  about  four-fiftliB  (by  volume)  of  the  atmo- 
sphere ;  wmsequently  the  air  contains  an  exceedingly  large  maxs  of  it. 
Whilst  entering  in  so  conaiderable  a  quiiutity  into  the  composition  of 
air,  nitrogen  does  not  seem  to  play  any  active  part  in  the  atnioBphere, 
the  chemical  action  of  which  is  mainly  dependent  on  the  oxygen  it  con- 
tains. But  this  is  not  an  entirely  uorrect  idea,  because  aninml  life 
cannot  exist  in  pure  oxygen,  in  which  auimiils  puss  into  Hn  abnormal 
state  and  die  ;  and  the  nitrogen  of  the  air,  although  slowly,  fontis 
diverse  compounds,  many  of  which  play  a  most  importimt  part  in 
nature,  especially  in  the  life  of  organisms.  However,  neither  plants 
nor  animals  directly  absorb  the  nitrogen  of  the  air,  but  take  it  up 
from  already  prepai-ed  niti-ogenous  compounds  ;  further,  plants  are 
nourished  by  the  jiitrogenous  substances  contained  in  the  soil  and  water, 
and  animals  by  the  nitrogenous  substances  contained  in  plants  and  in 
other  animals.  Atmospheric  electricity  is  capable  of  aiding  the  passage 
gaseous  nitrogen  into  nitrogenous  compounds,  as  we  shall  afterwards 
:,  aTid  the  resultant  substances  are  carried  to  the  soil  by  rain,  where 
they  serve  for  the  nourishment  of  plants.  Plentiful  harvests,  tine 
crops  of  hay,  vigorous  growth  of  trees — other  conditions  being  equal — 
are  only  obtained  whew  the  soil  contains  rvwly  pri^/iar'^i  nitrogenoag 
•ompowiidg,  consisting  either  of  those  which  occur  in  air  and  water,  or 
of  the  residues  of  the  decomposition  of  other  plants  or  animals  (as 
in  manure).  The  nitrogenous  substunces  contained  in  animals  have 
their  origin  in  those  substances  which  are  formed  in  plants.  Thus 
the  nitrogen  of  the  atmosphere  is  the  origin  of  all  the  nitrogenous 
;tances  occurring  in  animals  and  plants,  although  not  directly  so, 
but  after  lirst  combining  with  the  other  elements  of  air. 

The  nitrogenous  compounds  wliich  enter  into  the  composition  of 
plants  and  animals  are  of  primary  importance  ;  no  vegetable  or  animal 
cell — tliat  is,  the  elementary  form  of  organism — exiats  without  con- 
taining a  nitrogenous  substance  ;  organic  life,  before  alt,  evinces  itself  in 
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th^w^  nitrogenfmji  snbfltaiKXS.     Tbe  germsy  iceds^  amd  tiiofie  pazxs  bj 
which  ceik  multiply  tbemieiTes  abcpond  in  nitrDgenoas  substances ;  the 
fvatn  UAa\  fA  thii^  pben#»Mtia  irhich  are  proper  to  organisms  depend, 
before  all,  ^m  the  chemical  properties  of  the  nitrogenous  substances 
which  enter  into  their  composition.    It  is  enco^ii,  for  instance,  to  point 
oat  the  fact  that  regetable  and  animal  organisms,  clearl j  distinguish- 
able as  such,  are  characterised  by  a  different  degree  of  ener;^  in  their 
natare,  anrl  at  the  same  time  bj  a  difference  in  the  amount  of  nitro- 
genoos  substances  thej  contain.      In  plants,  which  compared  with 
animals  possess  Imt  little  activity,  being  incapable  of  independent  move- 
ment, kc.f  the  amount  of  nitrogenous  substances  is  very  much  less  than 
in  animals,  whose  tissues  are  almost  exclusiTely  formed  of  nitrogenous 
substances.     It  is  remarkable  that  the  nitrogenous  parts  of  plants, 
c^iedy  of  the  lower  orders,  sometimes  present  both  forms  and  properties 
which  approach  to  those  of  animal  organisms ;  for  example,  the  zoo- 
spores of  seaweeds,  or  those  parts  by  means  of  which  the  latter  multiply 
themselves.     These  zoospores  on  leaving  the  seaweed  in  many  respects 
resemble  the  lower  orders  of  animal  li^  having,  like  the  latter,  the  pro- 
perty of  moving.   They  also  approach  the  animal  kingdom  in  their  com- 
position, their  outer  coat  containing  nitrogenous  matter.     Directly  the 
200^>ore  becomes  covered  with  that  non -nitrogenous  or  cellular  coating 
which  is  proper  to  all  the  ordinary  cells  of  plants,  it  loses  all  re- 
semblance to  an  animal  organism  and  becomes  a  small  plant.    It  may  be 
thought  from  this  that  the  cause  of  the  difference  in  the  vital  processes 
of  animals  and  plants  is  the  different  amount  of  nitrogenous  substances 
they  contain.     Those  nitrogenous  elements  which  occur  in  plants  and 
animals  appertain  to  the  series  of  exceedingly  complex  and  very  change- 
able chemical  compounds  ;  their  elementary  composition  alone  shows 
this;   l^esides  nitrogen,  they  contain  carbon,   hydrogen,   oxygen,  and 
sulphur.     Being  distinguished  by  a  very  great  instability  under  many 
conditions  in  which  other  compounds  remain  unchanged,  these  sub- 
stances are  fitted  for  those  perpetual  changes  which  form  the  first  con- 
dition of  vital  activity.     These  complex  and  changeable  nitrogenous 
substances  of  the  organism  are  called  prote'id  substances.      The  white 
of  eggs  is  a  familiar  example  of  such  a  substance.    They  are  also 
contained  in   the  flesh  of  animals,  the  curdy  elements  of  milk,  the 
glutinous  matter  of  wheaten  flour,  or  so-called  gluten,  which  forms  the 
chief  component  of  macaroni,  «fec. 

Nitrogen  occurs  in  the  earth's  crust,  in  compounds  either  forming 
the  remains  of  plants  and  animals,  or  derived  from  the  nitrogen  of  the 
atmosphere  as  a  con8e(iuence  of  its  combination  with  the  other  com- 
ponent parts  of  the  air.     It  is  not  found  in  other  forms  in  the  earth's 
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«rust ;  so  thnt  nitrogeu  must  lie  consideretl,  in  contradistinction  to 
oiygen,  as  an  element  whicb  is  purely  auperficial,  and  does  not  extend 
to  tlie  deptlis  of  tlie  earth.' 

Nitrogen  ia  libernted  in  a  free  state  in  the  decomposition  of  the 
nitrogenous  organic  *  subalaitce«  entering  into  the  composition  of 
organisma — for  instance,  on  their  combustion.  All  organic  substances 
bum  when  heated  to  redness  with  oxygen  (or  substances  readily  yielding 
it,  such  as  oside  of  copper)  ;  the  oxygen  combines  with  the  carbon, 
sulphur,  and  hydrogen,  and  the  nitrogen  is  evolved  in  a  free  state, 
because  at  a  higli  temperature  it  does  not  form  any  stable  compound, 
but  remains  free.  Carbonic  anhydride  and  water  are  formed  from  the 
carbon  and  hydrogen  respectively,  and  therefore  to  obtain  pure 
nitrogen  it  is  necessary  to  remove  the  carbonic  anhydride  from  the 
gaseous  products  obtained.  This  may  l>e  done  very  easily  by  the  action 
of  alkalis — for  instance,  caustic  soda.  The  amount  of  nitrogen  in 
organic  substances  is  doternjined  by  a  method  founded  on  this. 

s  also  very  easy  to  obtain  nitrogen  j'rom  iiir,  because  osygeo 
combines  with  many  substances.  Either  phosphorus  or  metallic  copper 
are  usually  employed  for  removing  the  oxygen  from  air,  but,  naturally, 
a  number  of  other  substances  may  also  be  used.  If  a  small  saucer  on 
which  a  piece  of  phosphorus  is  laid  be  placeilon  a  cork  floating  on  water, 
and  the  phosphorus  be  lighted,  and  the  whole  be  covered  with  a  glass 
bell  jar,  then  the  air  under  the  jar  will  be  deprived  of  its  oxygen,  and 
nitrogen  only  will  remain,  owing  to  which,  on  cooling  the  water  will 
rise  to  a  certain  extent  in  the  bell  Jar.  The  same  ubject  (procuring 
nitrogen  from  air)  is  attained  much  more  conveniently  and  perfectly 
when  air  is  passed  through  a  red-hot  tube  containing  copper  filings. 
At  a  red  heat,  metallic  copper  combines  with  oxygen  And  gives  a  blauk 
powder  of  copper  oxide.  If  the  layer  of  copper  be  sufficiently  long  and 
the  current  of  air  slow,  all  the  oxygen  of  the  air  will  be  absorbed,  and 
nitrogeu  alone  will  pass  from  the  tube.^ 

>  The  reason  why  there  are  no  other  nitrogenoaH  iDbBtuiceB  within  the  euUi's  nuu 
beyond  those  which  have  oonie  there  with  the  remftinx  ot  organisniB,  and  Iruin  the  air 
with  rain-waler,  inuHt  bo  looked  for  in  two  cironmstancei.  In  the  first  [iJace,  in  the  in- 
Btsbilit;  at  miui}'  nitragenoua  oampDonda,  which  are  liable  to  break  ap  with  the  forma- 
tion at  gaseona  nitrogen;  and  in  the  leaond  phue  in  the  fact  that  the  salts  of  nitrieKoid, 
farming  the  product  of  the  action  o(  air  on  many  nitrogenona  and  espeoiaUy  orgoaic 

Icamponods,  are  very  solDble  in  water,  and  on  penetrating  inU>  the  deiitlis  ut  the  earth 
<with  water)  give  up  their  oxygen.  The  remit  ol  the  changeu  ol  the  nilrogenoas  argimio 
■nbatances  which  fall  into  the  earth  ii  without  doabt  fieqaently,  if  not  always,  the  (orma- 
lion  of  gaseons nitrogen.  Thus  the  gas  evolved  fromcosj  always  cotitainsmuch  nitrogen 
(together  with  ininh  gas.  carbonic  anhydride,  and  other  gases). 
'  Copper  (bent  ufl  .havings,  which  present  a  large  imrfcicei  absorbs  uiygen,  fornung 
CuO,  at  liie  ordinary  temperature  in  the  presence  ot  solatioDS  of  acids,  or,  better  still,  in 
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Nitrogen  may  also  be  procured  from  many  of  its  compounds  ivitk 
oxTfffin'  and  hifdnxjen,*  but  the  best  fitted  for  this  purpose  is  u  saline 
mixture  containing,  on  the  one  hand,  a  compound  of  nitrt^ii  with 
oxygen,  termed  nitrous  anhydride.  N^Oj,  and  on  the  other  hand, 
ammonia,  NHj— that  is,  a  compound  of  nitrogen  with  hydrogen.  By 
heating  such  a  mixture  the  oxygen  of  the  nitrous  anliydride  combines 
with  the  hydrogen  of  tiie  ammonia,  forjaing  water,  and  gaseous  nitrogen 
is  evolved,  ^NH,  +  Nj03  =  3HjO  +  N,.  Nitrogen  is  procured  by 
this  method  in  the  following  manner ;— A  solution  of  caustic  potjtsh  is 
saturated  with  nitrous  anhydride,  by  which  means  potassium  nitrite  is 
formed.  On  the  other  hand,  a  solution  of  hydrochloric  acid  saturated 
with  ammonia  is  prepared  ;  a  saline  substance  called  sal-ammoniac, 
NH,C1,  is  thus  formed  in  the  solution.  The  two  solutions  thus  pre- 
pared are  mixed  together  and  heated.  Reaction  takes  pince  according 
to  the  equation  KNO;,  +  NH,C]  =  KCi  -f  2H,0  +  N^.  This  reaction 
proceeds  in  virtue  of  the  fact  that  potassium  nitrite  and  ammonium 
chloride  are  salts  which,  on  interchanging  their  metals,  give  potassium 
chloride  and  ammonium  nitrite,  NH,NOj,  which  breaks  up  into  water 
and  nitrogen.  This  reaction  does  not  take  place  without  the  aid  of 
heat,  but  it  proceeds  very  easily  at  a  moderate  temperatum.  Of  the 
resuhiiiit  substances,  the  nitrogen  only  is  gaseous,  the  potassium  chloride 
is  T»on- volatile,  and  ia  left  behind  in  the  vessel  in  which  the  solutions 
are  heated.  Pure  nitrogen  maybe  obtained  by  drying  the  resulting 
gas  and  passing  it  through  a  solution  of  sulphuric  acid  (to  absorb  a 
certain  quantity  of  ammonia  whicli  is  evolved  in  the  reaction). 

Nitrogen  is  a  gaseous  substance  which  does  not  much  differ  in 
physical  properties  from  air;  its  density,  referred  to  hydrogen,  is 
approximately  equal  to  14 — that  is,  it  is  slightly  lighter  than  air  ;  one 
litre  of  nitrogen  weighs  1-256  grams.     Nitrogen  mixed  with  oxygen, 

ot  copper  in  tuumoniai.  Nitrogen  is  Ter?  eruily  procured  hy  tbia  method.  A  flusk 
IB  filled  with  copper  shaving*  and  dosed  with  n  cork  lomithed  with  a.  fimu«]  uid  stop- 
ODck.  A  iwlatioii  111  xnimoDia  \t  poured  into  the  funnel,  and  mased  to  ulowly  drop  upon 
the  copper.  If  >(  the  uuue  time  n  current  o(  wr  be  slowly  pnased  tliioogb  th?  fliutk 
(from  ■  )^holder),  tbeu  all  the  oxygen  will  be  absorbed  from  it  uid  the  nitrogen 
will  pass  bom  ibe  lliiik.  It  should  be  washed  with  water  to  reluin  uiy  ammonia  that 
may  bo  oarried  oil  with  it- 

»  The  oxygon  compounds  of  nitrogen  (for  oxample,  NjO,  NO,  NOj)  are  decomposed 
at  a  red  beai  by  themselves,  and  under  the  aelUiu  ul  red-bnt  copper,  sodium,  lie,  they 
give  up  their  oxygen  to  the  metsla.  leaving  tlie  nitrogen  f[«e.  According  to  Meyer  and 
Langer  (1W5|,  nitrous  oxide,  N^O,  decompose*  below  900°,  altliongb  not  enmpletely.  whilst 
the  decompoution  of  nitric  oiide,  NO,  does  not  start  at  ISDQ^,  lint  is  complete  at  ITW. 

*  Chlorine  and  bromine  (in  eioosB],  as  well  as  blesching  powder  (hyiinoldorileB),  lake 
up  the  hydrogen  from  ammonia,  NH5,  leaving  nitrogen.  Nitrogen  is  best  procured  from 
ammonia  by  the  action  ot  a  solution  ot  sodium  hypobromite  on  solid  sal-ammoniac. 
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■which  is  Blightly  heavier  than  air,  forma  B.ir.  It  is  a  gaa  whioh,  like 
oxygen  and  hydrogen,  is  difficultly  liquefied,  nnd  but  little  soluble  in 
water  and  other  lif[uiila.  Its  absolute  boiliiig  point^  is  about  —  1 40°  ; 
above  this  temperature  it  is  not  liqueliable  by  pressure,  and  at  lower 
temperatures  it  remains  a  gas  at  a  pressure  of  50  atmospheres.  Liquid 
nitrogen  boils  at  — 193°,  so  that  it  may  be  employed  as  a  sourue  of  great 
cold.  At  about  — 203°,  in  viiporisiDg  under  a.  decre-ise  of  pressure, 
nitrt^n  solidifies  into  a  colourless  snow-like  mass.  Nitrogen  does  not 
bum,  does  not  support  combustion,  is  not  absoi-bed  by  any  of  the  re- 
agents used  in  gas  analysis,  at  least  at  the  ordinary  tempemture^in  a 
word,  it  presents  a  whole  series  of  negative  chemical  properties  ;  this  is 
expressed  by  saying  that  this  element  has  no  energy  for  combination. 
Although  it  is  capable  of  forming  compounds  both  with  OKygen  and, 
hydrogen  as  well  as  with  carbon,  yet  these  compounds  are  only  formed! 
under  particular  circumstances,  to  which  we  will  directly  turn  our  atten- 
tion. At  a  red  heat  nitrogen  combines  with  boron,  titanium,  and  silicon, 
forming  very  stable  nitrogenous  compounds,*  whose  properties  are 
entirely  different  from  those  of  nitrogen  with  hydrogen,  oxygen,  and 
carbon.  However,  the  combination  of  nitrogen  with  carbon,  although 
it  does  not  take  place  directly  between  the  elements  at  a  red  heat,  yet 
proceeds  with  comparative  ease  by  heating  a  mixture  of  charcoal  with 
an  alkaline  carbonate,  especially  potassium  carbonate  or  barium  carbo- 
nate, to  redness,  carbn-nitrides  or  cyanides  of  the  metals  being  formed  ; 
for  instance,  K3CO,  +  iC  +  N.^  =  2KCN  +  3C0J 

Nitrogen  ia  found  with  oxygen  in  the  air,  but  they  do  not  readily 
combine.  Cavendish,  however,  in  the  last  century,  showed  that  nitrogen 
eojnbtji&ii  tcilh  ooryijfit  itnder  thf  influenre  of'  a  seriet  of  eteclric  sparkg. 
Electric  sparks  in  passing  through  a  moist'  mixture  of  nitrogen  and 
oxygen^for  instance,  through  air — cause  these  elements  to  combine, 

■  S«e  Chnpter  n.  note  29. 

'  Tho  oombinntion  of  boron  with  nitrogen  ia  Bccotnpnnied  by  the  BTolution  of  snffi- 
cieoOuiat  torniee  Ihe  maun  to  redness ;  titanium  romblnta  no  essil^with  nitrogen  tbntit 
is  difflcntt  to  obtain  it  free  from  that  element.  It  is  »  remukuble  uid  inBltuctivo  ful 
t)u.t  the  oonipotinde  of  nitrogen  vitb  theie  non-volatile  elements  ure  very  Btable,  uid 
ue  tliemselres  non-volatile.  Probably  in  tliie  cbhh  the  physiciJ  elate  of  the  aDbBtunoe 
with  which  the  nitrc^n  oombines,  and  the  state  In  which  the  nitrogenous  ■□bstance  ia 
obtained, erinoes its in^Dence.  Thru  cubon  (C^iajwith  nitrogengiveaayanogen.CjN], 
which  is  gaseous  and  rerj  unstable,  and  whoae  molecnle  is  not  large,  whilat  boron  (B  ^11) 
forms  a  nitiogenous  compound  which  is  solid,  nOD.volatile,  and  lery  stsble.  Its  ciimpO' 
■itioo,  BN,  is  essentially  bke  that  of  ujanogen,  but  its  molecular  weight  is  probably 
greater. 

'  This  reaction,  as  far  as  ia  known,  does  not  proceed  beyond  a  certain  limit,  probably 
bocanse  cyanogen,  CN,  itself  breaks  up  into  carbon  and  nitrt^n. 

*  FrAny  and  Becqnerel  took  dry  nir,  and  observed  the  formation  of  brown  vupoors  of 
oxides  of  nitrogen  on  tbo  passage  of  sparks. 
TOI..  1. 
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forming  reddish -brown  fumes  of  oxides  of  nitrogen,*  which  form  with 
water  a  compound  containing  nitrogen,  oxygen,  and  hydrogen — namely, 
nitric  acid,'^  NHO,.  The  presence  of  the  latter  is  easily  recognised,  not 
only  from  its  reddening  litmus  paper,  bat  also  from  its  acting  as  a 
powerful  oxidiser  even  of  mercury.  Conditions  similar  to  these  occur 
in  nature,  during  a  thunderstorm  or  in  other  electrical  discharges 
accomplished  in  the  atmosphere ;  whence  it  may  be  understood  that 
air  and  rain-water  always  contain  traces  of  nitric  acid.** 

Farther  observations  showed  that  under  the  influence  of  electrical 
discharges,*^  silent  as  well  as  with  sparks,  nitrogen  is  able  to  enter  into 

'  If  a  mixture  of  one  Tolome  of  nitrogen  and  fourteen  Tolnmes  of  hydrogen  be  bomt, 
then  water  and  a  considerable  quantity  of  nitric  acid  are  formed.  It  may  be  partly  doe 
to  this  that  a  certain  quantity  of  nitric  acid  is  produced  in  the  alow  oxidation  of  nitro- 
genous substances  in  an  excess  of  air.  This  is  especially  facilitated  by  the  presence  of 
an  alkali  with  which  the  nitric  acid  formed  can  combine.  If  a  galvanic  current  be  passed 
through  water  containing  the  nitrogen  and  oxygen  of  the  air  in  solution,  then  the  hydro- 
gen and  oxygen  set  free  combine  with  the  nitrogen,  forming  ammonia  and  nitric  a -rid. 

When  copper  is  oxidised  at  the  expense  of  the  air  at  the  ordinary  temperature  in  the 
presence  of  ammonia,  oxygen  is  absorbad,  not  only  for  combination  with  the  copper,  but 
also  for  the  formation  of  nitric  acid. 

The  combination  of  nitrogen  with  oxygen,  eren,  for  example,  by  the  action  of  electric 
sparks,  is  not  accompanied  by  an  explosion  or  rapid  combination,  as  in  the  action  of  sparks 
on  a  mixture  of  oxygen  and  hydrogen.  This  is  explained  by  the  fact  that  heat  is  not 
evolved  in  the  combination  of  nitrogen  with  oxygen,  but  is  absorbed — an  expenditure  of 
energy  is  required,  there  is  no  evolution  of  energy.  In  fact,  there  will  not  be  the  trans- 
mission of  heat  from  particle  to  particle  which  occurs  in  the  explosion  of  detonating  gas. 
Each  spark  will  aid  the  formation  of  a  certain  quantity  of  the  compound  of  oxygen  and 
nitrogen,  but  will  not  excite  the  same  in  the  neighbouring  particles.  In  other  words,  the 
combination  of  hydrogen  with  oxygen  is  an  exothermal  reaction,  and  the  combination  of 
nitrogen  with  oxygen  an  endothermal  reaction. 

The  conditions  of  the  explosion  of  detonating  gas  if  it  be  in  excess  are  especially 
conducive  to  the  oxidation  of  nitrogen.  If  a  mixture  of  two  volumes  of  detonating  gas 
and  one  volume  of  air  be  exploded,  then  one-tenth  of  the  air  is  converted  into  nitric  acid, 
and  consequently  after  the  explosion  has  taken  place  there  remains  only  nine-tenths  of  the 
volume  of  air  originally  taken.  If  a  large  proportion  of  air  be  taken — for  instance,  four 
volumes  of  air  to  two  volumes  of  detonating  gas — then  (the  temperature  of  the  explosion 
is  lowered)  the  volume  of  air  taken  remains  unchanged,  and  no  nitric  acid  is  formed. 
This  gives  a  rule  to  be  observed  in  making  use  of  the  eudiometer — namely,  that  to  weaken 
the  force  of  the  explosion  not  less  than  an  equal  volume  of  air  should  be  added  to  the 
explosive  mixture.  On  the  other  hand,  a  large  excess  must  not  be  taken,  as  no  explosion 
would  then  ensue  (see  Chapter  III.  note  84). 

1*  Really  nitric  oxide,  NO,  is  first  formed,  but  with  oxygen  and  water  it  gives  (brown 
fumes)  nitrous  anhydride,  which,  as  we  shall  afterwards  learn,  in  the  presence  of  water  and 
oxygen  gives  nitric  acid.  By  the  action  of  a  silent  discharge  through  air  both  oxides  of 
nitrogen  and  ozone  are  simultaneously  formed,  but  with  a  feeble  discharge  the  formation 
of  ozone  continues,  whilst  the  oxides  of  nitrogen  are  not  produced,  by  which  fact  Berthelot 
proves  the  absence  of  previous  ozonisation  of  oxygen. 

"  The  nitric  acid  contained  in  the  soil,  stream  water  (Chapter  I.  note  2),  wells,  A'c, 
proceeds  (like  carbonic  anhydride)  from  the  oxidation  of  organic  compounds  which  have 
fallen  into  water,  soil,  &c. 

1*  This  energetic  faculty  for  reaction  of  nitrogen,  which  under  normal  conditions  is 
inactive,  leads  to  the  idea  that  under  the  influence  of  an  electric  discharge  gaseous 
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many  reactions  with  hydrogen  itself  and  with  many  hydrocarl)Ons  ; 
•Ithougb  these  reactions  cannot  be  eS'ected  by  exposure  to  a  red  heat. 
Thus,  for  instance,  a  series  of  electric  sparks  passed  through  a  mixture 
of  nitrogen  and  hydrogen  causes  thorn  to  combine  a.ad/om>  anintonin*' 
■or  nitrogen  hydride,  NHj,  composed  of  one  volume  of  nitrogen  and 
three  volumes  of  hydrogen.  This  combination  is  limit«d  to  the  forma- 
tion of  6  per  cent,  of  ammonia,  because  ammonia  is  decomposed, 
although  not  entirely  (VA)  'jy  electric  sparks.  This  signifies  that 
vnder  the  action  of  electric  sparks  the  reaction  NH3  =  N  +  3H  is 
reversible,  consequently  it  is  a  dissociation,  and  in  it  n  state  of  equili- 
brium is  arrived  at.  The  equilibrium  may  be  destroyed  by  the  addition 
'of  gaseous  hydrochloric  acid,  HCI,  because  with  ammonia  it  forms  a  solid 
saline  compound,  sal-ammoniac,  !NH,C1,  which  (being  formed  ti'oax  a 
gaseous  mixture  of  3H,  N,  and  HC'l)  fixes  the  ammonia.  The  re- 
maining mass  of  nitrogen  and  hydrogen,  under  the  action  of  the  sparks, 
Again  forms  ammonia,  and  in  this  manner  soliil  gai-niniiwniac  i»  obtained 
io  the  fnd  by  the  action  of  a  series  oj"  electric  sparia  on  a  mixture  of 
_ga»eoii»  N,  H3,  attd  HCI."  Berthelot  (1876)  showed  that  under  the 
action  of  a  silent  discharge  many  non-nitrogenous  organic  sub- 
stances (benzene,  OqH^,  cellulose  in  the  form  of  paper,  resin,  glucose, 
CgHioO.ii,  and  others)  absorb  nitrogen  and  form  complex  nitrogenous 
compounds,  which  are  capable,  like  albuminous  substances,  of  evolving 
their  nitrogen  as  ammonia  when  heated  with  alkalis." 

L    nitCDfi-n  chungex  in  ila  propurtiuB ;  i(  out  pvcmiuiently  like  uxjttBii  (electrolysed  Dxygeii  or 
lot  react  on  uitrDgBii,  according  to  Berthelot),  it  majr  lis  tempOTMily  M  Uu) 

I  'durably  alTiwted  (that  is,  when  oncK  dumped  cHDwin  so — for  instance,  mercnric  oiide  ia 
ite  phoaphoma  [laaftea  into  ted,  &c.),  wbilat  othera  an  only  tAmporarlly 
I  «lter«l  (Uu!  dissociation  at  8g  into  S.J  or  of  aal-ammoniao  into  auimoniaoudliydrochloria 
1].  Snuli  a  proposition  is  favoared  bytlie  (act  of  nitrogen  giving  two  kindu  of  »poctr», 
h  which  we  shall  slterwards  become  Bcqaajnted.  It  may  be  that  the  molecules  Nj 
I  then  give  less  complex  moUouIca,  H  containing  one  atom.  Probably  nnder  a  silent 
e  molecolei  of  oxygen,  O^,  ore  paitly  decomposed  and  tlie  indiiidnal  atoms 
t  O  oombine  with  Og,  fomunu  oione.  Oj. 

'3  This  reaction,  discovered  by  Cliabrij  ajid  investigated  by  Tbenard,  naa  only  rightly 
~  when  Deville  applied  the  piiaciplei  of  dissociation  to  it. 
tctioD  of  nitrogen  on  acetylene  (Berthelot)  resembles  this  reaotion.     A  miitnrs 
I  •eJ  Uieae  gasea  nnder  tha  influence  of  a  nilent  discharge  gives  hydrocyanic  acid,  CgUg  +  Ni 
— aCNB.    This  reaction  cannot  proceed  beyond  n  certain  limit  because  it  is  reversible. 
>  Berthelot  snccessfnlly  employed  electticity  of  oven  feeble  potential  in  these  eiperi- 
lie.  which  toot  led  him  to  think  that  in  nHtore,  where  the  action  of  electricity  talraa 
I  'place  very  frequently,  a  part  of  the  complei  nilrogenooe  sabstances  m»y  procaed  from 
I   "the  gumufl  nitrogen  of  the  air  by  this  method. 

As  the  nilrogenons  snbelancea  of  orgsniams  play  a  very  important  put  in  them 
I  i(organio  life  cannot  eiiat  without  them),  and  aa  the  nitrogenous  ttubutances  introdueod 
1  into  tUo  poll  aiB  oapabla  ot  invigorating  its  crops  (naturally  in  the  presenoa  of  the 
'  Mhor  noiuiahing  principles  required  by  plants),  therefore  the  qaealion  of  tlie  means 
1  ^  converting  the  atmospheric  nitrogen  into  the  oitrogeuons  compounds  of  the  soil,  or 
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By  wich  ami,  it  may  be,  other  snnilar  indirect  methods  does  gaseoos 
nitrogen  yield  it«  primary  compoimda,  in  which  form  it  enters  into 
plantii,  and  in  elaborated  in  them  into  complex  albuminoos  substances. 
Bot,  fitarting  from  a  given  coropoond  of  nitrogen  with  hydrogen  or 
oxygen,  we  may,  without  the  aid  ol  organisms,  obtain,  as  will  after- 
wards be  partially  indicated,  most  diTerse  and  complex  nitrogenous 
sobstances,  which  cannot  by  any  means  be  formed  directly  from  gaseons 
nitrogen.  In  this  we  tee  an  exam|4e  not  only  of  the  difference  between 
an  element  in  the  free  state  and  an  intrinsic  element,  bot  also  of  those 
Ctreaitons  or  indirect  methods  by  which  snbstances  are  formed  in  nature. 
The  disoorery,  prognostication,  and,  in  general,  study  of  snch  indirect 
methods  of  the  preparation  and  formation  of  substances  forms  one  of 
the  existing  problems  of  chemistry.  From  the  fact  that  A  does  not 
act  at  all  on  B,  it  must  not  be  concluded  that  a  compound  AB  is  not 
to  be  formed.  The  substances  A  and  B  contain  atoms  which  occur  in 
AB,  but  their  state,  the  nature  of  their  movement  and  union,  may  not 
be  at  all  that  which  is  required  for  the  fcnrmation  of  AB.  and  in  this 
substance,  although  it  contains  the  same  elements  in  mass  and  quality 
of  them  as  in  A  and  B,  yet  their  chemical  state  may  be  as  different  as 
the  state  of  the  atoms  of  oxygen  in  ozone  and  in  water.  Thus  free 
nitrogen  is  inactive  ;  but  in  its  compounds  it  very  easily  enters  into 
changes  and  is  distinguished  by  great  activity.  An  acquaintance  with 
the  comfjounds  of  nitrogen  confirms  this.  But,  before  entering  on  this 
subject,  let  us  consider  air  as  a  mass  containing  free  nitrogen. 

Judging  from  what  has  been  already  stated  with  respect  to  water, 
oxygen,  ozone,  and  nitrogen,  it  will  be  evident  that  atmospheric  air^^ 

\nUt  (UtiiwiUihU  nitrogen  capable  of  being  absorbed  by  plantn  and  of  forming  com- 
\i\ti%  falhnrninouM)  Hutnitancefl  in  them,  forms  a  question  of  great  theoretical  and  prac- 
ii(;al  xnU^rfMi.  The  artificial  (technical)  conversion  of  the  atmospheric  nitrogen  into 
nitrogmioiis  c/mipotinds,  notwithstanding  repeated  trials,  cannot  yet  be  considered  as 
fnlfilhs^l  in  a  j»ra<;tical,  remunerative  manner,  although  its  possibility  is  already  evident. 
Kle<:tricity  will  probably  aid  in  solving  this  problem  of  great  practical  importance.  When 
th«  thiujTutiral  side  of  the  question  is  further  advanced,  then  without  doubt  an  advan- 
t«geoiis  means  will  be  found  for  the  manufacture  of  nitrogenous  substances  from  the 
nitrogen  of  the  air ;  and  this  is  needed,  before  all,  for  the  agriculturist,  to  wliom  nitro- 
genous fertiliwjrs  i(irm  an  expensive  item,  and  are  more  important  than  all  other  manures. 

One  thousand  tons  of  farmyard  manure  do  not  generally  contain  more  than  four  tons 
of  nitrr»gen  in  the  form  of  complex  nitrogenous  substances,  and  this  amount  of  nitrogen 
is  contained  in  twenty  tons  of  ammonium  sulphate,  therefore  the  action  evinced  by  the 
mass  of  fiiatitire  in  respect  to  the  introduction  of  nitrogen  may  be  produced  by  small 
quantities  of  artificial  nitrogenous  fertilisers.  Over  160000  tons  of  guano  are  imported 
into  Kurope  from  Houth  America,  because  guano  (the  excrement  of  sea  and  other  birds) 
contains  many  nitrogenous  compounds  which  are  required  by  the  agriculturist. 

*«  Under  the  nan>e  of  atmospheric  air  the  chemist  and  physicist  understand  ordinary 
air  crmtaining  nitrogen  and  oxygen  only,  notwithstanding  that  tlie  other  component  parts 
of  air  have  a  very  important  significance  for  the  vitality  of  the  earth's  surface.    That  air 
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ixture  of  several  gasHs  mid  vapoars.  Some  o£  them  are 
it  in  nearly  constant  proportions,  whilst  others,  on  the 
very  variable  in  their  innouut.  The  chief  component 
placed  in  the  order  of  their  relative  amounts,  are  the 
itrogen,  oxygen,  aqueous  vapour,  carhonic  anhydride,  nitric 
hydrogen  peroxide,  and  complex  nitro- 


genous substances.  Besides  these,  air  generally  contains  water,  as  spray, 
drops,  and  snow,  and  particles  of  solids,  perhaps  of  cosmic  origin  in 
certain  instances  but  in  the  majority  of  cases  proceeding  from  the 
mechanical  translation  of  solid  particles  from  one  locality  to  another  by 
the  wind.  These  small  solid  and  liquid  particles  (having  a  large  sur- 
face and  little  weight)  hang  in  air  ae  solid  matter  hangs  in  turbid 
water;  they  often  settle  on  the  surface  of  the  earth,  but  the  air  is  never 
entirely  free  frum  them,  because  they  are  never  in  a  state  of  complete 
rest.  Then,  air  not  unfrequently  contains  incidental  tiuces  of  various 
substances,  as  everyone  knows  liy  experience.  These  incidental  sub- 
stances sometimes  belong  to  the  order  of  those  which  act  injuriously 
(miasmas),  the  germs  of  lower  organisms— for  instance,  of  moulds— and 
to  the  class  of  carriers  of  infectious  diseases. 

In  the  air  of  the  diverse  countries  of  the  earth,  at  different  longitudes 
and  at  different  altitudes  above  its  surface,  on  the  ocean  or  on  the  dry 
land — in  a  word,  in  the  air  of  most  diverse  localities  of  the  earth — the 
oxygen  and  nitrogen  are  everywhere  in  a  constant  ratio.  This  is, 
,  self-evident  fruni  the  fact  that  the  air  constantly  diffuses 
(intermixes  in  virtue  of  the  int«rna1  movement  of  the  gaseous  particles) 
and  is  put  in  a  state  of  movement  and  intermixed  by  the  wind,  and 
therefore  it  is  equalised  in  its  composition  over  the  entire  surface  of  the 


'J  rupreaeatec!  in  scienoe  ta  bued  on  Ibe  tiutt  thai  onlj  the  two  tbove-naaed  GOn- 
iniH  uv  met  with  in  uir  iu  ■  cuimtant  ijauitity,  wbilat  thn  otixen  ve  TUiitble.  The 
aolid  iiniiurilivB  nm;  be  Hepimted  tmui  ftic  rwiuired  lor  cheniickl  or  phyeknl  nnoaroh 
bj  HiDide  filtnitiitn  thcDagh  ■  long  Ixjxr  of  oottno'inKil  iiluwd  in  ■  tolw.  Orffuiic  im- 
puriUes  uu  renioved  by  punug  the  sir  tliroagh  ■'  Hilutiou  of  poUaainm  parmsuguiate. 
Tho  cwl"iiiip  anhydride  oonlwned  in  air  is  absorbed  by  «Jkali»— best  of  alt.  soda  lime, 
::fa  in  a  dry  i>lat«  in  porooB  lumps  nbaorbs  it  with  eiceeding  rapidity  and  complets- 
k  AqneoDa  vapDni'  i*  romoied  by  pftHing  the  air  over  oalcium  chlondu,  atnnig  ta\- 
phuris  acid,  or  phosphoric  luihydride.  Air  tbn*  pnrifled  in  accepted  as  containiug  on)]' 
iiitnitceu  and  Diygen,  Uthongb  in  rualily  it  still  containa  a  oertaio  qmuitity  of  hydmgeii 
id  hydnioarboDii,  from  which  it  may  b«  purified  by  pasaing  oier  copper  oiide  heated  U> 
dnesB.  The  copper  ojide  Ihenoiidises  the  hydrogen  and  hydrocarbon*— it  boma  them, 
{iirming  water  and  carbonic  anhydride,  which  may  be  removed  as  abure  described.  Such 
puiififd  lur  diSera  in  many  respects  from  ordinary  air.  Thus,  fnr  inilanee,  it  doea  not 
■npport  plant  lite.  When  it  la  said  that  in  the  determination  of  tbe  density  ot  gasea  lbs 
weight  ot  air  ia  taken  as  unity,  then  it  is  enderstood  to  be  aoeh  air,  contnining  only 
nitrogen  wid  oiygen.  It  iaalitreof  aucb  sir  thatweighH  I'SHB  granis  iil  O'and  TliOniiU, 
wore  at  long,  ii',  and  l-tBi  gruua  ■(  St.  Petersburg, 
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earth.  In  those  localities  where  the  air  is  subject  to  change,  being  in  a 
more  or  less  enclosed  space,  or,  at  least,  an  unventilated  space,  it  may 
alter  very  considerably  in  its  composition.  For  this  reason  the  air  of 
dwellings,  cellars,  and  wells,  in  which  there  are  substances  absorbing 
oxygen,  contains  less  of  this  gas,  whilst  the  air  on  the  surface  of 
standing  water,  abounding  in  the  lower  orders  of  plant  life  evolving 
oxygen,  holds  an  excess  of  this  gas.*^  The  constant  composition  of 
air  over  the  whole  surface  of  the  earth  has  been  proved  by  a  number 
of  most  careful  researches.*® 

1'  As  a  proof  of  the  fact  that  certain  circamstances  may  actually  change  the  composi- 
tion of  air,  it  will  be  enough  to  point  out  that  the  air  contained  in  the  cavities  of  glaciers 
(of  permanent  mountain  ice)  contains  only  up  to  10  p.c.  of  oxygen.  This  depends  on  the 
fact  that  at  low  temperatures  oxygen  is  much  more  soluble  in  snow-water  and  snow  than 
nitrogen.  When  shaken  up  with  water  the  composition  of  air  should  change,  because 
the  water  dissolves  an  unequal  quantity  of  oxygen  and  nitn^n.  We  have  already  seen 
(Chapter  I.)  that  the  air  boiled  off  from  water  saturated  at  about  0^  contains  about  thirty- 
five  volumes  of  oxygen  and  sixty-five  volumes  of  nitrogen,  and  we  have  considered  the 
reason  of  this.  It  is  remarkable  that  the  solubihty  of  oxygen  and  nitrogen  in  water  de- 
creases so  uniformly  with  the  temperature  that  the  proportion  of  oxygen  and  nitrogen  held 
in  an  aqueous  solution  remains  almost  constant  at  the  most  varied  temperatures.  This  ex- 
plains the  circumstance  that  the  air  over  the  sea  (especially  arctic)  is,  as  certain  observers 
have  found,  poorer  in  oxygen  than  on  dry  land — the  water  dissolves  more  oxygen  than 
nitrc^en.  The  difference  does  not,  however,  exceed  0*8  p.c,  and  sometimes  does  not  exist. 

^*  The  analysis  of  air  by  weight  conducted  by  Dumas  and  Boussingault  in  Paris,  and 
which  they  repeated  many  times  between  April  27  and  September  22, 1841,  under  varioua 
conditions  of  weather,  showed  that  the  amount  by  weight  of  oxygen  only  varies  between 
22*89  p.c.  and  23*08  p.c,  the  average  amount  being  23*07  p.c.  Brunner.  at  Bern  in  Switzer- 
land, and  Bravais,  at  Faulhom  in  the  Bernese  Alps,  at  a  height  of  two  kilometres  above 
the  level  of  the  sea,  made  analyses  of  the  air  at  the  same  season  of  the  year  as  Dumas, 
and  found  that  the  composition  of  the  air  at  these  places  did  not  exceed  the  limits  deter- 
mined for  Paris.  Marignac  at  Geneva,  Lewy  at  Copenhagen,  and  Stas  at  Brussels, 
confirmed  this.  The  analjrses  of  air  taken  from  different  parts  of  the  world,  at  the 
surface  of  the  ocean  and  at  different  heights  above  the  level  of  the  sea,  lead  to  the  con- 
clusion that  air  evenrwhere  contains  an  equal  amount  of  oxygen,  or  that  if  it  does  vary 
it  does  so  within  very  inconsiderable  limits. 

As  there  is  some  basis  (which  will  be  mentioned  shortly)  for  considering  that  the  com- 
position of  the  air  at  great  altitudes  is  different  from  that  at  attainable  heights — namely, 
that  it  is  richer  in  nitrogen — several  fragmentary  observations  made  at  Munich  and  in 
America  gave  reason  for  thinking  that  in  the  upward  currents  (that  is  in  the  regrion  of 
minimum  barometric  pressure  or  at  the  centres  of  meteorological  cyclones)  the  air  is 
richer  in  oxygen  than  in  the  descending  currents  of  air  (in  the  regions  of  anticyclones 
or  of  barometric  maxima) ;  but  more  carefully  conducted  observations  showed  this  pro- 
position to  be  incorrect.  Improved  methods  for  the  analysis  of  air  have  shown  that  cer- 
tain slight  variations  in  the  composition  of  air  do  actually  occur,  but  in  the  first  place 
they  depend  on  incidental  local  influences  (on  the  passage  of  the  air  over  mountains  and 
large  surfaces  of  water,  regions  of  forest  and  vegetation,  and  the  like\  and  in  the  second 
place  are  limited  by  quantities  which  are  scarcely  distinguishable  from  p>ossible  em^rs  in 
the  analyses. 

The  considerations  which  make  one  think  that  the  atmosphere  at  great  altitndes  con- 
tains less  oxygen  than  at  the  surface  of  the  earth  are  based  more  particularly  on  the  law 
of  partial  pressures  (page  81^.  It  obliges  one  to  consider  that  the  equilibricm  of  the 
oxygen  in  the  strata  of  the  atmosphere  is  not  dependent  on  the  equihbrium  of  the  nitro- 


^^^^  NITItDfiEN   AND   AIR  381 

The  analyaU  of  air  is  effected  by  converting  the  oxygen  into  a  non- 
gaseous compound,  so  as  to  separate  it  ftvm  the  aii*.  The  original 
Tolunie  of  the  air  is  first  measured,  and  then  the  volume  of  the  remain- 
ing nitrogen.  The  quantity  of  oxygen  is  calculated  either  from  the 
difference  between  these  volumes  or  by  the  weight  of  the  oxygen  ooni- 
pound  formed.  All  the  volumetric  measurements  have  to  be  corrected 
for  pressure,  temperature,  orrt  moisture  (Chapters  I.  and  II.).  The 
medium  employed  for  converting  the  oxygen  into  a  nou-g8,Beou9  aub- 
stance  should  enable  its  being  taken  up  from  the  nitrogen  to  tlie  very 
end  without  e\'olving  any  gaseous  substance.  So,  for  instance,'"  a  mix- 
ture of  pyrc^llol,  Cr.H^O;,,  and  a  solution  of  a  caustic  alkali  absorbs 
oxygen  with  great  ease  at  the  ordinary  temperature  fthe  solution  turns 
black),  but  it  is  unsuited  for  accurate  analysis  because  it  requires  an 
aqueous  solution  of  an  nlkali,  and  it  alters  the  composition  of  the  air 
by  acting  on  it  as  a  solvent.*'  However,  for  approximate  determina- 
tions this  simple  method  gives  entirely  satisfactory  results. 

The  determinations  in  a  eudiometer  (Chapter  III.)  give  much  more 
exact  results,  if  all  the  necessary  correctiona  for  changes  of  pressure, 
temperature,  and  moisture  be  taken  into  account.  This  detei-mination 
is  essentially  carried  on  us  follows  : — A  certain  amount  of  air  U  intro- 
duced into  the  eudiometer,  and  its  volume  is  determined.     Then  about 

.  gen.  uid  thit  tlie  Tariation  in  llie  densibieB  of  both  gnaes  with  the  height  is  detonnineil 
hj  the  pressure  of  each  gas  Bepotately.  DetuJls  ol  the  ciUcaliitioTiB  aod  considentioaB 
iMIe  involved  are  conlaiiied  in  my  work  On  Baroinelrin  Leimllingt.  1878.  p.  *a. 

On  the  basis  of  tlie  law  of  partiul  prenauie  and  of  hypiomeiricai  Ibrmuln,  eipteuiiig 
Ihe  law*  of  the  variation  of  pTeaBoroB  at  diSerent  altitodes.theconclnBiDu  may  be  dedooed 
Uut  at  the  npper  strata  ol  the  atmosphere  the  proportion  of  the  nitrogen  with  reipeet 
to  the  oxygen  incraaseB,  but  the  incresBe  will  not  exceed  a  fraction  per  cent.,  even  at 
■Uitndet  of  four  and  a  half  to  six  mileH,  tlie  fcreateat  height  within  the  reach  ol  men  either 
by  olimbiug  monntains  or  by  means  of  balloona.  This  couoluBioa  is  confirmed  by  the 
•nalysea  of  ftil  collected  by  Webib  in  England  dnrjng  hia  aeronautic  oicentB.  The  qaea- 
Ijoii  of  the  distribulian  of  gases  in  the  upper  strata  ol  the  atinDiiphere  is  of  particulu' 
importaDce  for  nnderstanding  in  what  stale  the  gasBous  or  vaporooa  masses  occur  which 
borne  in  space,  and  are  one  of  the  elemHDtary  forma  of  the  heavenly  bodies  (accord- 
to  Laplace's  and  Kant's  theory).  I  touch  on  this  subject  inspeskingDl  the  origin  of 
naphtha  in  my  work  On  thn  Naphlha  Indutlry,  IHTD, 

"  implete  absorption  of  theaiygeD  may  be  attained  by  introducing  mfust  phoi- 

Jihonts  into  a  definite  volume  ot  air ;  this  is  recognised  by  the  fact  of  the  phosphorus 
luminous  in  the  dark.  The  amount  of  orygeu  may  be  determined  by 
volume  ot  nitrogen  remaining.  This  method,  however,  cannot  give  acoa- 
lUe  reaolta,  owing  to  a  portion  of  the  air  being  diisolved  in  the  water;  to  the  combination 
of  some  nitrogen  with  oxygen ;  to  the  necessity  of  introducing  and  withdrawing  the 
iphoma.  which  iiannot  be  acoomplishBd  withoat  introducing  bubbles  of  air ;  and  to  the 
leroUB  corrections  of  the  volnnte  (lor  moisture,  tamperature,  and  pressure),  &ii, 
*  For  rapid  and  approiimate  analyses  (especially  technical  and  hygienic),  such  a  mix- 
I  is  very  suitable  for  determining  the  amount  of  oxygen  in  mixtures  of  gases,  from 
\  -Which  the  sobBtanoes  absotbed  by  alkalis  have  flml  been  removed.  According  to  certain 
mixture  evolves  a  small  quantity  of  caibonic  oxide  after  absorbing  oxygen. 
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anliydrule  contained  in  air.  For  this  (niiiMMfr,  the  air  is  tirst  [Assed 
tbroiigh  an  appsratna  for  nttaining  the  moiatiire  and  carbonic  an- 
hjrtiride  (which  will  be  considend  preaenti*),  and  is  then  led  through 


jna  mot,  H  ma  pMnW  mu  in  Chap^  Ut-  ante  39. 
W  look«l  bw  IB  oiwlf  OB  iiBBt])tieBl  (hcBiatfj-  Tl>*  MBM  nHnt  he  remarked  in  Kfcmnee 
la  (ha  (Kh*r  nuijiitiil  nathoda  BaittioDad  in  thia  wort.     They  are  ool;  deacribcd  tor  tha 
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a  tube,  which  U  previously  weighed,  and  contnius  sliaviiigs  of  uetatUc 
<iopper.  A  long  layer  of  Euch  copper  heated  to  redness  alisorbs  all 
the  oxygen  from  the  air,  and  leaves  pure  nitrogen,  whose  weight 
must  be  determined.  This  is  dime  by  collecting  it  in  a  weighed  and 
exhausted  glol)e,  and  the  amount  by  weight  of  oxygen  is  shown  by  the 
increase  in  weight  of  the  tube  with  the  copper  after  the  experiment. 

r  free  from  moisture  and  carbonic  anhydride''*  contains  23'li) 
parts  of  oxygen  and  76'85  of  nitrogen  by  weight,"^  which,  taking  the 
density  of  oxygen  =16  and  of  nitrogen  =14,  gives  the  volumetric 
composition  of  air  its  20-84  volumes  of  oxygen  and  79-16  of  nitrogen.** 
The  possibility  of  the  composition  of  air  being  altered  by  the  mere 
action  of  a  solvent  very  clearly  shows  that  the  component  parts  of  air 
are  in  a  state  of  mixture,  in  wjiich  any  gases  may  occur ;  they  do  not 
in  this  case  form  a  definite  compound,  although  the  composition  uf  the 
atmosphere  does  appear  constant  under  ordinary  conditions.  The  fact 
that  its  composition  taries  under  different  conditions  confirnis  the 
truth  of  this  conclusion,  and  therefore  the  constancy  of  the  composition 
r  must  not  be  considered  as  in  any  way  dependent  on  the  nature 
of  the  gases  entering  into  its  composition,  but  only  as  pi-oceeding  from 
c  phenomena  co-operating  towards  this  constancy.  It  must  lie 
admitted,  therefore,  that  tho  processes  evolving  oxygen,  and  chiefly  the 
s  of  the  reBpiration  of  plants,  are  of  equal  force  with  those 
processes  which  absorb  oxygen  over  the  entire  surface  of  the  earth.''' 

im  carbonic  anhydride  indicntea  afMr  eiploaiiui  the  jireieiice  of  a 
■m&U  qnui  tit  J  ol  carbonic  »nhf  dride,  ■>  De  iJaUBmire  remarked,  uid  air  tiee  Irom  moisture, 
After  bbing  paeeed  over  red-hot  copper  oxide,  seemfl  LurariabJy  to  contain  ft  smatl 
qoantitj  of  water,  aa  Bouaaingault  has  oLserved.  Tbew  observations  i:niuie  one  to  think 
Ihftt  air  aliriifB  coataina  a  certain  quantity  of  gaieoaa  hjdrocarboiu,  like  marsh  gai, 
I  vbieh,  as  we  shall  afterwards  learn,  is  evolTed  from  the  earth,  marshee,  &a.  Its  amount, 
I    luiwever,  does  not  exceed  some  bundredths  of  a  per  cent. 

I  **  The  analyies  of  air  me  acoorapaniBd  by  errors,  and  there  are  variationa  of  composi- 

tion ftttaining  hnndredtbs  per  cent. ;  therefore  one  must  limit  oneself  to  the  first  places 
in  deamalB  in  ei|iresaing  the  average  nonual  cotnpOHtioa  of  air. 

■*  Tlie  weight  of  a  litre  of  hydrogen  at  0°  and  TBO  mm.  pressure  is  D'OSSfiS  gram, 
therefore  9I>B  btres  of  oxygen  weigh  39-87  grama,  and  79-3  litres  of  nitrogen  SBaS  grams, 
which  gives  the  weight  of  a  litre  of  air  as  1-3D14,  inslcad  of  I'SQS.  This  difference  corre- 
■pondswith  the  possible  errors  of  both  tlie  analysis  of  wr  and  of  the  other  data  entering 
into  the  calcnlation. 

"  In  Chapter  III.  note  4,  an  approximate  calculation  luade  for  the  determination  ol 
tbe  amoQDt  of  oxygen  in  the  entire  atmosphere  is  evidently  without  solid  faondalion — 
that  is,  it  may  be  supposed  that  the  cnmpneition  of  air  varies  from  time  to  time  when  the 
lalation  between  legetation  and  the  processes  abEorbing  oxygen  changes ;  bnt  such  a 
trappoaition  may  be  met  by  an  argument  of  tlie  following  kind :  the  atmoiphere  of  the 
•Mth  lia*  not,  and  should  not  liave,Bde<lnite  limit,  aitd  we  have  already  seen  (Chapter  IV. 
note  S8I  that  there  are  obw-rvations  confirming  tliis,  coiiwciuently  our  atmosphere  ahould 
Taiy  in  its  oomponent  parts  with  the  entire  heavenly  B|iaoe.  If  tlie  vqailibrinm  now  eiiit' 
ing  were  destroyed,  it  would  be  rectified  by  means  of  the  immense  mass  of  rarefied  air 


L 


J 


234 


PRIN'CIPLES  OF  CHEMISTRY 


Air  always  contains  more  or  less  moisture  ^  and  carbonic  anhydride y, 
proceeding  from  the  respiration  of  animals  and  the  combustion  of 
carbon  and  carboniferous  compounds.     The  latter  shows  the  properties- 


Fitt.  39. — Apparatus  for  the  absorption  ami 
wasiiiiiK  of  ga«e8,  knon-n  a^  Licbig^V 
balbA.  Tlie  gas  enters  m,  pres!se«  on  tiie 
absorptirc  liquid,  and  pa&ies  from  m  iuUi 
b,  e,  J,  and  e  consecutively,  nnd  e^apcd 
through/. 


Fio.  40. — Geisler's  potash  ball)«.  Tlie  gas  enters? 
at  ff,  ami  p«i.«;30^i  throngh  a  8olution  of  pota.<ih 
in  the  lower  bulbs,  where  the  carbonic  anhy- 
dride is  abiOJrbed,  and  the  ga*  escapes  from  6. 
The  lower  buUw  are  arranged  in  a  triangle, 
8o  that  the  apparatus  can  stand  witliout 
supx>ort. 


of  an  acid  anhydride.  In  order  to  determine  the  amount  of  carbonic 
anhydride  in  air,  substances  are  employed  which  absorb  it — namely, 
alkalies  either  in  solution  or  solid.     A  solution  of  caustic  potash,  KHO, 

is  poured  into  light  glass  vessels,  through 
which  the  air  is  passed,  and  the  amount 
of  carbonic  anhydride  is  determined  by  the 
increase  in  weight  of  the  vessel.  But  it  is 
best  to  take  a  solid  porous  alkaline  mass^ 
such  as  soda-lime.*^  With  a  feeble  current 
of  air  a  layer  of  soda-lime  20  cm.  in  length 
is  sufficient  to  completely  deprive  the 
air  of  the  carbonic  anhydride  it  con- 
tains. A  series  of  tubes  containing  calciun> 


Fio.  41.— Tube  for  the  absorption  of 
carbonic  acid.  A  wad  of  cotton 
wool  is  placed  in  the  bulb  to  prevent 
the  powder  of  soda-lime  being 
carriwl  off  by  the  ga.^.  The  tube 
contains  so<la-limc  and  cliloridc  of 
calcium. 


which  occurs  in  the  heavenly  space.     If,  for  instance^ 
the  amount  of  oxygen  were  diminished,  then  it  would 
be  replenished  at  tlie  expense  of  tlie  oxygen  pervad. 
ing  the  space  of  the  heavens. 
*  The  amount  of  moisture  contained  in  the  air  is  considered  in  greater  detail  by- 
physics  and  meteorology,  and  the  subject  has  been  mentioned  above,  in  Chapter  I.  note  1, 
where  the  methods  of  absorbing  moisture  from  gases  were  pointed  out. 

^  Boda-lime  is  prepared  in  the  following  manner : — Unslaked  lime  must  be  reduced  to  a 
fine  powder  and  mixed  with  a  slightly  warmed  and  very  strong  solution  of  caustic  soda.  Tlie- 
mixing  should  be  done  in  an  iron  dish,  and  they  should  be  well  stirred  together  until  tlie  lime 
b^nsto  slack.  When  the  mass  becomes  hot,  it  boils,  swells  up,  and  solidifies,  forming  a 
porous  mass  very  rich  in  alkali  and  capable  of  absorbing  carbonic  anhydride.  A  lump  of 
caustic  soda  or  potash  presents  a  much  smaller  surface  for  absorption,  and  therefore 
acts  much  less  rapidly.  It  is  necessary  to  place  an  apparatus  for  abnorbing  water  after 
the  apparatus  for  absorbing  the  carbonic  anhydride,  because  the  alkali  in  absorbing  tlu^ 
latter  evolves  water. 


KITIiOCEN   AND   AIR 


235 


chloride  for  absorbing  the  moisture"  is  placed  before  the  appiiratua  for 
the  absorption  of  the  carbonic  anhydride,  and  a  measured  mass  of  air 
Ib  caused  to  pass  through  the  whole  apparatus  by  means  of  an  aspirator. 
In  this  manner  the  determination  of  the  moisture  is  combined  with  the 
absorption  of  the  carbonic  acid.  The  ari'angement  shown  in  tig.  38 
is  such  a  combination. 

The  amount  of  carbonic  anbydride"'  in  free  air  is  incomparably 
more  constant  thitn  the  amount  of  moisture.  The  average  amount  of 
carbonic  anhydride  in  100  volumes  of  dry  air  is  approximately  7;,'^  P-c^ 
that  is,  10000  volumes  of  air  contain  about  3  volumes  of  carbitnic  anhy- 
dride, most  frequently  about  295  volumes,  Aa  the  specitic  gravity  of 
carbonic  anhydride,  i-ef errefl  to  air  ^1"52,  therefore  iOO  parts  by  weight 
of  air  containO-045part  by  weight  of  carbonic  anhydride.  This  quantity 
varies  according  to  the  time  of  year  (more  in  winter),  the  altitude 
above  the  level  of  the  sea  {less  at  high  altitudes),  on  the  proximity  to 

'   forests  and  fields  (less)  or  cities  (greater),  Ac.     But  the  variation  is 
■mall  and  rarely  exceeds  limits  of  2),  to  4  ten -thousandths  by  volume.'" 

■  As  there  are  many  natural  local  influences  which  either  increase  the 

leut  ths.t  the  cakium  cliiaride  emploTed  for  absorbing  the  ireter  should  ba 
or  other  nlkalia  in  onler  Uul  it  should  not  rebUD  carbonic  anhydride.  Snuh 
*Jcinni  chloride  niaj  beprepurrd  in  thofoUowing  manner.  An  entirely  osutral  solntion 
of  nUciiuii  chloride  is  prepajed  from  lime  and  b  jdrocblorie  acid ;  it  is  then  ovsponlad  first 
orei  a.  water-bath  s.nd  then  over  a  eand-batli  with  great  care.  When  the  solution  ittaiDH 
a  certain  stren^h  a  scum  ia  formed,  which  solidifies  on  reachin);  the  top.  This  icnm  it 
ooUwted,  and  will  bo  foand  to  be  free  from  caustic  alkalis.  It  is  neoeasary  in  any  case  to 
teat  it  before  aae,  as  othemise  a  large  error  may  bo  intiodoced  into  the  resnlta,  owing  to 
the  presencB  of  free  alkali  (lunel.  It  id  better  «till  to  pMH  cwbonic  anhydride  through  the 
tube  ooDtaJulng  the  mlciani  chloride  (or  some  time  before  the  eiperiment,  in  order  to 
■otorate  any  free  olkuli  that  msy  remain  from  the  deomnpoaitioD  of  a  portion  of  the 
eolcimu  chloride  by  water.  CaCI ,  i  aH,0  =.  CaOHaO  +  aHCl. 
I  "  Baoourae  is  hid  to  npecial  melhoda  when  the  determination  regards  only  the  carbonic 
L  KkhTdrids  of  the  air.  For  instance,  it  is  absorbed  by  an  alkali  which  does  not  uoutain 
[  atrboiiates  (by  a  solution  of  baryta  or  caustic  sula  miied  with  baryta),  and  tbeii  tbe 
Oubonic  anhydride  is  expelled  by  an  eioeas  of  on  acid,  and  its  omoont  determined  by  the 
nlume  given  dH,  Dnring  the  laat  ten  years  the  qoestion  as  to  the  amount  ol  oarbonis 
onbTdride  present  in  the  air  hatibeen  submitted  t»  many  volnminons  and  eiaot  researches, 
especially  thorn  of  Reiset,  Schlueahtg.  Hllnti,  and  Anbin,  who  showed  tliat  the  amount  of 
oarbonio  anhydride  is  not  snbjeot  to  snch  variations  as  was  at  first  supposed  on  the  banie 
of  inoomplete  and  insufficiently  accurate  determinations. 

"*  It  is  a  different  cone  in  enclosed  spaoes  in  dweUinns,  Dellars,  wells,  caves,  and  mines. 
■e  the  renewal  of  air  is  hampered.  Under  these  cirunm stances  large  quantitivaof 
Fi  «uboDio  anhydride  may  occamnlate.  Even  in  cities,  where  there  ore  many  ouuditiona  for 
r  ibe  evolution  of  carbonic  anhydride  Irespiration,  decomposition,  combusliDn),  its  amount 
[•.bgTMtar  than  in  free  air.  yet  even  in  still  weather  the  difference  does  not  of  ten  exc«ed  one 
I  -tea-UiOIlBandth  (that  is,  rarely  attains  t  instead  of  9*4  vols,  in  1000(1  vols,  ol  air).  Hundreds 
Lfif  very  careful  comparative  determinations  made  simoltaueoasly  aroand  Paris  and  in 
Kf  tbe  city  IteeK,  and  constant  doily  determinations  conducted  at  certain  meteorologiea) 
(for  instance,  iLt  MDutmuris,  near  Paris),  confirm  this  conclnsiou.  On  hi|[h 
IS  and  in  deep  tatleys,  as  has  beeu  proved  in  the  Pyrenees,  the  diSureuce  ot 


il 
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amouut  of  carbonic  anhydride  in  the  air  {resjiiratioD,  coiabustion, 
rotting,  volcanic  eruptions,  ic),  or  diminish  it  (absorption  by  plauta 
and  water),  therefore  the  reason  of  the  great  constancy  in  the  amount 
of  this  gas  in  air  muHt  be  looked  for,  in  the  tirst  place,  !□  the  fikct  that 
the  wind  mixes  the  air  of  various  localities  together,  and,  in  the  second 
place,  in  the  tact  that  the  waters  of  the  ocean,  holding  carbonic  acid  iu 
solution,^'  form  an  iinmense  reservoir  for  regulating  the  supply  of  this 
gas  in  the  atmosphere.  As  immediately  the  partial  pressure  of  the 
carbonic  anhydride  in  the  air  decreases,  the  water  evoli'es  it,  and  when 
the  partial  pressure  increases,  it  absorbs  it,  nature  consequently  sup- 
plies the  conditions  for  a  natural  mobile  state  of  equilibrium  in  this 
instance,  as  in  a  number  of  others.^' 

Beyond  nitrogen,  oxygen,  moisture,  and  carbonic  acid,  all  other  sub- 
stances occuiring  in  air  are  found  in  infiniteaimally  small  quantities  by 
weight,  and  therefore  the  "-eight  of  n  cubic  measure  of  air  depends,  to  a 
sensible  degree,  on  the  above-named  components  alone.  We  have 
already  mentioned  that  at  0°  and  760  mm,  pressure  the  weight  of  a 
cubic  litre  of  air  in  1'293  grams,^^  the  air  being  under3too<l  to   Ije 

tha  uuoont  of  carbonic  anhydride  is  itlwi  very  i)li)(Iit  (Ht  ».  height  it  is,  taoweter,  less,  a» 
would  be  expected). 

AL  In  the  flta  aa  well  aa  frenh  wnter  tbe  carbonic  acid  oocnm  in  two  fortoa,  dlreotly 
diawlved  in  ths  water,  and  oombined  witb  lime,  as  cKlciiuu  hioaibouate  (burd  wat«n 
MinetimeH  ooiituu  very  much  carbonic  acid  in  thig  form).  U  the  tviiiiion  of  llip  carbonic 
anhydride  in  the  firat  lonn  varii-B  with  the  temperatuia,  and  ita  ajnonnt  witb  the  partial 
presBore.  that  in  tlm  form  of  aoid  aaJto  i>  uodur  the  same  condiliona,  because  direct 
experimeati)  have  shown  a  similar  dependeace  in  this  case,  although  the  qnantitative 
relations  ore  fbfferent  in  the  two  cases, 

"'  In  tttndying  the  phenomena  ot  nature  one  inevitably  urives  at  the  iili-a  that  the 
muTeraimy  reiguiuf;  state  ol  mobile  equilibrinm  torms  the  chief  reawin  of  tliat  haTuionions 
order  which  impreanea  all  observers.  It  not  nnfreqaently  happoas  that  we  do  ni>t  we  the 
cansea  tvgalating  the  order  and  harmony ;  in  the  ])artii.'alar  iuatuiDa  of  carbonic  anhy- 
dride It  la  a  striking  circumstance  that  In  the  first  inatanoe  a  search  waa  made  tor  an 
hannonions  and  strict  nniformlty,  ant)  in  incidental  (insufHciently  aocurute  anil  fragmen- 
laryl  observations  conditions  were  even  found  for  conclnding  it  lobeabaent.  When,  later, 
the  rule  of  this  nniloimity  wan  confirmed,  then  the  cauaes  rKguUtiug  such  uriter  were 
ftlso  diicavHred.  The  researcheH  of  Schloesing  were  ot  this  character.  Deville's  idea  of 
tile  disBociation  of  the  acid  oarbonates  of  seit-water  is  snggaRted  in  Iheiu.  In  lunoh  else, 
also,  n  right  iin(leret«nding  can  only  be  looked  for  in  detiuled  investigation. 

"  The  difference  ot  the  weight  of  a  litre  of  dry  air  (free  from  carbonic  anhydride)  al  0° 
and  TW  mm.,  at  different  loDgitDdea  and  altitadea.  depends  on  tbe  fact  tiiat  the  force  of 
gravity  varioa  under  these  conditions,  and  irith  it  the  piessnie  of  the  barometrical  colnnm 
also  varies.  This  ia  treated  in  detail  in  my  works  Oil  tite  Elatlicilg  o/  Gant  and  Oh 
Jjarometric  Levelling: 

In  reality  the  weight  is  not  meaaured  in  absolute  unita  ot  weight  (in  presaore — refer 
to  works  o»  meohanicB  and  physics),  but  in  relative  units  (grama,  scale  weighta)  whose 
mass  is  one  and  the  same.and  therefore  the  variation  ot  the  weight  of  tbe  weights  itaell 
wilhthechangeof  gravity  must  not  be  here  taken  into  account,  for  the  matter  deals  with 
weights  prupiirtiuDal  to  the  masses,  and  with  a  change  of  locality  the  weight  of  the  weigblH 
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dry  and  free  from  ciirbnnic  anhydride.  Taking  the  atnount  of  the 
latter  as  0'03  per  100  volumeH,  we  obtaiu  a  greater  weight— namely, 
r00015(i  times  (fi'eater  (consequently  n.t  0°  and  760  mm.,  instead  of 
1-29300  grams,  the  weight  of  a  litre  will  then  l>e  1-:29319  grama).  The 
weight  of  uidist  air  in  which  tlie  tenKion  '^  of  the  aqueous  vapour  (par- 
tjal  pressure)  ^/mra.,  and  consequently  tlie  volume  of  vapour  (its 
density  referred  to  air  =0-62)  =iiLi    f  the  whole  pressureof  the  moist 


n.)  i 


to  t 


weight  of  an  equal  volume  of  dry  i 

60-0-38/ .    .    , 
i.~w—  -lis  tol  ; 


-—  ■  .     For  instance,  if  H  = 


^.^r/  +  0-62   Aoras  ^^"^^^Z,  Is  to  1  ;  that  is,  the  weight  of  a.. 

760  760  760  * 

oontaining  carbonic  nnliydride  and  moisture  at  0°  and  760  mm.  pressure 
ia  not  1-2930  grama,  but  this  weight  multiplied  by  1-000156  and  by 
— i'flrt  "^^  ^  pressure  (total)  of  air  of  H  millimetres,  a  temperature 

I,  and  elasticity  of  vapour  /,  the  weight  of  a  litre  of  air  will  be 
(i-c,  if  at  0°  and  760  mm.  the  weight  of  dry  air  =  1-293)  equal  to 

2-29319  H-038/ 

l+0-0O367(  ^ 

and  /=  10  mm.  (the  moisture  is  then  slightly  lelow  60  p.c),  the 
weight  of  a  litre  of  air  =  1-1512  gram.'"' 

The  presence  of  ammonia,  a  compound  of  nitrogen  and  hydrt^en, 
in  the  air,  is  indicated  by  the  fact  that  all  acids  exposed  to  the  air  ab- 
sorbammonia  from  it  after  a  time.  De  Saussure  observeil  that  aluminium 
sulphate  is  convert«d  by  air  into  a  double  sulphate  of  ammonium  and 
aluminium,  or  the  so-called  ammonia  alum.  Quantitative  det«rmina- 
tions  have  shown  that  the  amount  of  ammonia""  contained  in  air 
varies  at  different  periods.     However,  it  may  be  accepted  that  100  cubic 

the  a.ir  it  dcitenmiied  by  bygrmaolerB  tad 
lined  by  uiklyHis  (aee  Chapter  I.  note  I), 
Igbt  o(  amftllandhMvy  objocUforncihIes,  Ac.  in  lUiaJyiia,  vid 
iqaida.  i!c.)  a  porreelivit  mny  be  inttoiiHCBd /or 


^  The  Wiiaion  of  the  n 

other  limilikr  mcUiodik     It 

"  In  determining  tfae  v 

ning  the  iqiecific  i^i 


Ike  tail  of  n-eighC  in  the  »ir  of  the  room,  by  taking  the  weight  of  ■  litre  of 
M  I*a  gnun,  "Old  consequently  O-OOia  RTum  for  every  cubic  ceatimetre.  But  if  gaceaor, 
in  i^Dent,  Urge  temteli  Rre  wei|;beit,  nnd  tha  weiglungB  liave  to  be  accornte,  it  ii  neces- 
Ufy  to  tnliB  into  uconnt  lUl  the  data  tor  the  detennination  o(  the  density  of  the  uir 

wei)(bt  of  air,  aa  in  the  ciwe  of  a  litre  the  iceii[ht  of  tit  TUies  in  wntiKnunH,  even  at  a 
constant  teniiwmlore,  with  variations  of  H  and  /.  The  (oUowiug  methoil  waa  long  ago 
llaSO)  p(n[io*ed  am!  applied  by  me  foe  this  pnipoea.  A  large  light  and  closed  veaael  is 
lalcen,  and  its  volume  and  weight  ina  vactium  are  aocnrately  determined,  and  t^fled  from 
time  Ui  time.  On  wsigbing  it  we  obUin  the  weight  in  air  of  a  giren  density,  and  by  an b- 
truting  thia  weight  from  it*  absolute  weight  and  dividing  by  it*  Tolnme  we  obtain  the 
denaity  of  the  air. 

"  Schloeiing  itadied  Oiv  ngiiilibrinni  of  the  amroonia  of  the  atmotphore  and  of  Ihe 
rivera,  leaa.  *e.,  and  Iio  ihowed  that  ita  ainuDnt  ia  interchangeable  between  Ibem.     The 
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metres  n(  air  do  not  contam  less  than  1  and  not  more  than  5  milli- 
grams of  ammonia.  It  is  remarkable  that  mouutaiii  air  contains  more 
ammonia  than  the  air  of  valleys.  The  air  in  those  places  where  tinimal 
substances  undergoing  change  are  accumulated,  and  especially  that  of 
stables,  generally  contains  a  much  greater  quantity  of  this  gas.  This  is 
the  reason  of  the  peculiar  pungent  smell  noticed  in  such  places.  More- 
over amiiiunia,  as  we  shall  learn  in  the  following  chapter,  combines  with 
.icids,  and  should  therefore  be  found  in  air  as  such  combinations,  as 
air  contains  carbonic  and  nitric  acids. 

The  presence  of  nitric  acid  in  air  is  proved  without  doubt  by  the 
fact  that  I'ain-water  contains  a  somewhat  eonsitlerable  amount  of 
nitric  acid,  as  we  shall  learn  when  speaking  of  this  acid. 

Further  (as  has  benn  mentioned  in  Chapter  IV.),  air  contains  ozone 
nnd  hydrogen  (jeroxide." 

Besides  substances  in  a  gaseous  or  vaporous  state,""  there  is  always 
found  a  more  or  less  considerable  quantity  of  substances  which  are  not 
known  in  a  state  of  vapour.  Tliese  substances  are  carried  in  the  air  as 
duel.  If  a  linen  surface,  moistened  with  an  acid,  be  placed  in  perfectly 
pure  air,  ttien  the  washings  are  found  to  contain  sodium,  calcium,  iron, 
and  potassium, ^^  Linen  moistened  with  an  alkali  absorbs  carbonic, 
sulphuric,  phosphoric,  and  hydrochloric  acids.     Further,  the  presence 

mtio  between*  tlie  Mnoant  of  ammonia  in  ft  cnbio  melre  ol  air  and  in  a  litre  oF  water  »l 
'0°-n-004,  Ht  10"-0'01D,  at  SB"— 0'040  to  1,  and  thetefore  in  nature  tliere  is  a  state  of 
e^Dilibrinni  in  tbe  ammiat  of  BiamDnia  in  the  atmoaphere  and  watern. 

3'  Whilst  tormed  in  the  air,  OEone  and  hfdTOgen  peroxide  at  tlii^  wune  time  rapidlj'  dis- 
appear from  it  by  oxidising  those  snbstancea  which  are  capable  o(  being  oiiilised.  Owing 
to  this  instability  their  auountu  vary  considembly,  and,  ABwciDldbeespected.oEoiieiBinet 
with  to  an  obsarrable  amonnt  in  pure  air,  whilst  its  nmonot  decrenitea  to  lero  in  the  air  ot 
cities,  and  eapectaUy  in  dwellings  where  there  ii  a  maiiniam  of  enbstances  capable  of  OEidi- 
saticin  vul  u  mininiam  of  conditions  for  the  formation  ol  oEone.  There  in  a  eauiwl  connection 
between  the  amotint  ol  oxone  preiwnt  in  the  air  and  ite  purity,  that  is,  the  amount  ot 
foreign  residues  of  organic  origin  lisble  to  aiidation  present  in  tile  nir.  Wliere  there 
ia  much  of  inch  reaidaes  the  amount  ot  osone  mast  be  small,  becanse  when  in  contaot  with 
them  it  oiidines  them  and  itself  disappears.  For  this  reason  eflorts  bans  heva  made  to 
apply  oaons  for  purifying  the  air  by  evolsing  it  by  artificial  meant,  in  the  atmosphere ;  for 
instanee,  by  passing  a  series  of  electric  al  sparks  through  the  Ten  tilntiug  pipes  leading  air 
into  a  building.  Air  thus  ooniaed  destroys,  oii<U»ae — that  is,  brings  about  the  com- 
bnstionot — the  organic  reaidnea  present  in  the  air,  and  thus  will  seno  lor  pnrifyiDg  it.  For 
these  reasons  the  air  of  cities  cootaius  less  osone  than  ooanlry  air.  Tliis  forma  the  dis- 
tinguishing feature  ot  country  air.  However,  animal  life  cannot  exiht  in  air  containing  a 
oomparatively  large  (unonnt  ot  oione,  just  as  it  cannot  In  an  atraosphero  ot  pure  osygon. 

"  AjDoneat  them  we  may  mention  iodine  and  alcohol,  CjHjO.  which  MUnti  found  to 
be  always  present  in  air.  the  soil,  and  water,  althongh  in  minute  traces  ouly, 

^  A  portion  of  tlie  atmospheric  dustis  ol  cosmic  origin;  this  is  ondnabtedly  proved 
by  the  tact  of  its  oontaining  metallic  iron,  as  do  meteorites,  riordeniikiilld  found  iron  in 
the  durt  covering  anew,  and  Tisaandier  in  every  kind  of  air,  althongh  natnrally  in  very 
'smoJI  quantities. 
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<if  organic  substances  in  air  has  been  proved  by  a  similar  experiment. 
Tf  a  glass  globe  be  filled  with  ice  and  placed  in  a  room  where  are  a 
number  of  people,  then  the  presence  of  organic  substances,  like  albu- 
tninous  substances,  may  be  proved  in  the  water  which  condenses  on  the 
surface  of  the  globe.  It  may  be  that  the  miasmas  causing  infection  in 
marshy  loL'alities,  hospitals,  and  in  epidemic  illnesses  proceed  from  the 
presence  of  such  substances  in  the  air,  as  well  as  from  the  presence 
■of  germs  of  lower  organiema  borne  in  the  air  as  a  minute  dust. 
Pasteur  proved  the  presence  of  such  germs  in  the  air  by  the  following 
experiment ; — He  placed  gun-cotton  (pyroxylin),  which  has  the  appear- 
ance of  ordinary  cotton,  in  a  glass  tube.  Gun-cotton  is  soluble  in  a 
.mixture  of  ether  and  alcohol,  forming  the  so-called  collodion.  A  cur- 
llCCait  of  air  was  passed  through  the  tube  for  a  long  period  of  time,  and 
>-tlte  gun-cotton  was  then  dissolved  in  a  mixture  of  ether  and  alcohol. 
An  insoluble  residue  was  thus  obtained  which  actually  contained  the 
germs  of  organtems,  as  was  shown  by  microscopical  observations,  and  by 
their  capacity  to  develop  into  organisms  (mould,  ikc.)  under  favourable 
conditions.  The  pi-esence  of  these  germs  determines  the  property  of 
air  of  bringing  about  the  processes  of  rotting  and  fermentation — that 
is,  the  fundamental  alteration  of  orgatdc  substances,  which  Is  accom- 
panied by  an  entire  change  in  their  properties.  The  appearance  of 
lower  organisms,  both  vegetable  and  animal,  is  frequently  to  be 
.  remarked  in  these  processes.  Thus,  for  instance,  in  the  process  of  fer- 
mentation, when,  for  example,  wine  is  procured  from  the  sweet  juice 
grapes,  a  sediment  separates  out  which  is  known  under  the  name 
<d  lees,  and  contains  pecuhar  yeast  organisms.  Germs  are  required 
'before  these  organisms  can  appear.'"  They  are  liorne  in  the  air,  and  fall 
into  such  substances  from  it.  Finding  themselves  under  favourable 
•<!onditions,  tlie  germs  develop  into  organisms  ;  they  are  nourished  at  the 
expense  of  the  organic  substance,  and  during  growth  change  and  destroy 
j^  and  bring  about  coiTuption  and  rotting.  This  is  why,  for  instance,* 
^e  juice  of  the  grape  when  contained  in  the  skin  of  the  fruit,  which 
allows  a«cess  of  the  air  but  is  impenetrable  to  the  germs,  does  not  fer- 
ment, docs  not  alter  so  long  as  the  skin  remains  intact.  This  is  also 
■file  reason  why  animal  substances  when  kept  from  the  aocess  of  air 
'IsiLy  be  preserved  for  a  great  length  of  time.     Conserves  for  long  sea 

*"  The  idea  of  the  spontHneons  growtb  of  orguiwrns  m  u  aaitAble  modintii.  klUioiigh 

■'.■UU  upheld  by  iniui;,  hui  since  the  vork  of  P&Bbeor  and  hU  fotlowerit  (and  to  n  certun 

it  at  bis  piedecesBorel  been  diaoBrded,  beoanae  it  hu  been  proved  bow,  when,  aad 

Jlrtenoe  ((roin  theajr,  wiitei',fto.)lhe|!ennBiipiie»r;  that  (Brmentfttion  aa  well  u  intee. 

Dt  take  place  without  them ;  aud  maiDly  becaose  it  haii  been  abown  that 

ij  change  accompanied  by  the  development  of  the  nrganiwaa  introduced  may  be  brought 

it  at  will  by  the  intTodnction  of  the  |{enus  into  a  suitable  medium. 


240  PRINCIPLES  OF  CHEMISTRY 

voyages  are  preserved  in  this  way.^^  Hence  it  is  evident  that  however 
infinitesimal  the  quantity  the  germs  carried  in  the  atmosphere  may  be, 
still  they  have  an  immense  significance  in  nature.*^ 

Thus  we  see  that  air  contains  a  great  variety  of  substances.  The 
nitrogen,  which  is  found  in  it  in  the  largest  quantity,  has  the  least 
influence  on  those  processes  which  are  accomplished  by  the  action  of  air. 
The  oxygen,  which  is  met  with  in  a  lesser  quantity  than  the  nitrogen, 
on  the  contrary,  takes  a  very  important  part  in  a  number  of  reac- 
tions ;  it  supports  combustion  and  respiration,  it  brings  about  corruption 
and  every  process  of  slow  oxidation.  The  part  played  by  the  moisture 
of  air  is  known  to  everyone.  Tlie  carbonic  anhydride,  which  is  met 
with  in  still  smaller  quantities,  has  an  immense  significance  in  nature, 
inasmuch  as  it  serves  for  the  nourishment  of  plants.  The  importance 
of  the  ammonia  and  nitric  acid  is  immense,  because  they  are  the  sources 
of  the  nitrogenous  substances  comprising  an  indispensable  element 
in  all  living  organisms.  And,  lastly,  the  infinitesimal  quantity  of  germs 
evinces  their  significance  in  a  number  of  processes.  Thus  it  is  not  the 
quantitative  but  the  qualitative  relations  of  the  component  parts  of  the 
atmosphere  which  determine  its  importance  in  nature.^^ 

Air,  being  a  mixture  of  various  substances,  may  suffer  considerable 
cltant/es  in  consequence  of  incidental  circumstances.  It  is  particularly 
important  to  remark  that  change  in  the  composition  of  air  which  takes 
place  in  dwellings  and  in  various  localities  where  human  beings  have  to 
rf^main  during  a  lengthy  period  of  time.  The  respiration  of  human 
lieingK  and  animals  alters  the  air.^"*  A  similar  deterioration  of  air  is 
producinl    by  the  influence  of  decomposing   organic   substances,  and 

♦*  In  further  confirmation  of  the  fact  that  putrefaction  and  fermentation  depend  on 
Kfumtii  carried  in  the  air,  we  may  cite  the  circumstance  that  poisonous  substances  de- 
niroying  the  hfe  of  organisms  stop  or  hinder  the  appearance  of  the  above  processes. 
Air  which  has  been  heated  to  redness  or  passed  through  sulphuric  acid  no  longer  contains 
the  genriR  of  organisms,  and  loses  the  fjiculty  of  producing  fermentation  and  putrefaction. 

♦*  Tlicir  presence  in  the  air  is  naturally  due  to  the  diffusion  of  germs  into  the  atmo- 
Bphore,  and  owing  to  their  microscopical  dimensions  they,  as  it  were,  hang  in  the  air  in 
virtue  of  their  large  surfaces  compared  to  their  weight.  In  Paris  the  amount  of  dust 
hanging  in  the  air  equals  from  6  (after  rain)  to  28  grams  per  1000  cm.  of  air. 

«  We  see  similar  cases  everywhere.  For  example,  the  predominating  mass  of  sand 
and  clay  in  the  soil  takes  hardly  any  chemical  part  in  the  economy  of  the  soil  in  respect 
to  the  nourishment  of  plants.  The  plants  by  their  roots  search  for  substances  which  ore 
diffused  in  comparatively  small  quantities  in  the  soil.  If  a  large  quantity  of  these 
nouriahing  substances  be  taken,  then  the  plants  will  not  develop  in  the  soil,  just  as  animals 
^in  oxygen. 

**  A  man  in  breathing  bums  about  10  grams  of  carbon  per  hour — that  is,  he  produces 
aybwt  HHO  grams,  or  (as  1  cm.  of  carbonic  anhydride  weighs  about  2000  grams)  about 
Jk«jn.  of  carbonic  anhydride.  The  air  coming  from  the  lungs  contains  4  p.c  of  carbonic 
^■iqpdride  by  volume.  The  exhaled  air  acts  as  a  direct  poison,  owing  to  this  gas  and  to 
impurities. 
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«spc>ctuJly  of  fiubstaiices  burning  iti  it.*'^  Hence  it  is  necessnry  to  have 
ref^rd  to  the  purification  of  the  air  of  dwellings.  The  renewal  of  air, 
the  replacing  of  respired  by  fresh  air,  ia  termed  '  ventilation,'  *'  and  the 

"•  For  lliin  reitBOii  caiidlen,  lunpB.  iind  t^s  cliunge  the  comptiaition  a!  air  alinODt  in 

tonned  in  thin  vDlame  of  ur.  The  rUBpintion  of  lUiimiiU  and  ethiiUtiniis  from  their  akini. 
and  eupeciftU;  tiooi  the  ialeBtine  uid  tlie  eicremenu  uid  the  tnuisfurmtbons  taking  plitm 
in  them,  «poil  the  air  to  a  titill  iireuter  uitenl,  hevaUMi  tlie;  intradui'e  uUier  volatile  anb- 
■tauoea  beiides  carbonic  anhydride  inlu  the  air.  At  the  itame  tiinH  that  oarbnnic  anhy- 
dride ia  [ormed  the  amonut  of  oijgen  in  tlie  air  decreaaen,  and  coDaequentl;  the  rehitiTe 
amonnt  of  nitrogen  increaaea,  together  with  which  there  ia  noticed  the  appearanueof  miaa- 
Dwta  which  oflour  in  bat  amali  goantitj,  bat  wbii^h  are  Dcticeable  in  paaaing  Imm  ireah 
ail  inli>apu«  fnll  ul  anch  adDltented  air.  Tlie  revearcbee  of  Schmidt  and  IaUbuc  and 
othera  show  that  with  aO'fl  p.o.of  oiygen  (inateiidof  SOU  p.e.|,  whan  the  dimlnation  ia  doa 
to  respiration,  air  already  becODieinuticcablybeavj  and  nnflt  tor  r«ipi ration,  and  that  the 
bearf  feeling  eiperienued  in  each  air  increaaes  with  a  lenaeT  percentage  of  cxygeu.  It  ia 
difHoult  to  remain  Ear  a  few  minaMa  in  air  containing  IT'B  p.c.  of  otjgen.  Theae  ohwr- 
vationa  were  chiefly  obtained  by  obaerrationa  on  the  airol  diflerent  minea,  at  different 
di-ptha  below  the  surface.  The  air  uf  thaatrea  and  buildings  fall  of  people  alao  provea  to 
contain  leaa  oiygen  ;  it  waa  ODoe  fonnd  tliat  at  the  end  of  a  theatrical  rupreaentutiou  the 
air  at  the  atalla  contained  30 -7S  p.c.  of  uxygeu,  whilat  the  air  at  the  upper  part  of  the  theatre 
contained  only  WStt  p.c.  Tbe  amount  of  carbonic  anhydride  in  the  air  may  be  taken 
as  a  lueasDre  of  ita  purity  (Petteukofer).  When  it  reaobes  1  p.E.  it  is  very  difBonlt  for 
hnmao  being*  lo  remain  long  in  luch  air,  and  it  ia  neceaaarj  to  set  op  a  vigorous  veatilation 
IciT  the  removal  of  the  adulterated  air.  In  order  to  keep  the  air  in  dwallmga  in  a  uniformly 
gnud  slate,  it  ia  ueceaaary  lo  introduce  at  least  tO  cnbic  metres  of  freah  air  per  hour  per 
peraoD.  We  saw  that  a  man  eibalea  about  five-twelfths  cubic  metres  of  carbonic  anhy- 
dride per  day.  Accurate  observations  haveshown  thut  air  containing  one-ltiutb  ju:.  of 
eihaled  carlianii!  sJihydride  (and  oonsequentl;  also  a  corresponding  amoont  of  tbe  other 
anbitances  evolved  together  with  it)  is  not  yet  (elt  as  spoilt;  and  therefore  the  five-twelfth 
cubic  metres  of  carbonic  anhydride  shoald  be  dilated  with  430  cubic  metres  of  (njsh  air  if 
it  be  desired  lo  keep  not  more  than  one-tenth  p.c.  (by  rolnme)  of  carbonic  anhydride 
in  the  air.  Honoe  a  tnan  requires  120  cubic  metres  of  air  per  day,  or  IH  cubic  metres  per 
hotu.  With  the  introdnctiun  of  only  10  cubic  metres  of  freah  ail  per  person,  the  amount 
of  oarboriic  anhydride  may  reach  one-fifth  p.c,  and  the  aJr  will  not  tlien  be  of  the 
required  freshness. 

*•  The  ppntilatioii  of  inhitbited  buUdinga  is  moat  necessary,  and  ia  even  indispensable 
in  hoapilals,  echoola,  and  sunltar  Imildings.  In  winter  it  is  carried  on  by  the  so-called 
caloriflers  or  stoves  beating  the  air  before  it  enters.  The  best  kind  of  caloriflers  in  this 
respect  are  those  in  which  the  freab  cold  air  ia  led  through  a  series  of  channels  heated  by 
the  hot  gases  coming  from  a  stove  la  ventilation,  particularly  during  winter,  cure  is  taken 
that  Ibe  incoming  air  shall  be  moist,  because  in  winter  the  amount  of  moisture  in  the 
air  is  very  small.  Ventilation,  besides  introdaeing  fresh  aJr  into  a  dwelling-place,  must 
alao  withdraw  the  ail  already  spoilt  by  respiration  and  othar  canaee — llut  ia,  it  is  uecea- 
aary to  construct  channels  for  tbe  escape  of  the  bod  air,  bsaides  those  tor  the  introduction 
ol  fresh  air.  In  ordinary  dwell  ing-i>lac«»,  where  not  many  people  are  congregated,  th« 
ventilation  ii  conducted  by  natural  means,  in  the  heating  by  fires,  throagh  irevicea. 
windows,  and  varioas  orifices  in  walls,  doom,  and  windows.  In  uiinea,  factories,  andworka 
ventilation  i>  of  the  greatest  imporUiice. 

Animal  vitality  may  still  continue  for  a  period  of  several  miautes  in  air  containing  np 
tflSOpj:.  ol  carbonic  anliydride,  if  Uie  remaining  70  p.c,  consist  of  ordinary  air,  bat  respi- 

is  eilingnished  in  an  atmutpbere  ounUining  from  K  to  0  p.c.  of  carbonic  anhydride, 
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lation,  tliey  deconjpose.  A  portion  of  the  substances  proceeding 
from  tlie  decomposition  romftins  in  the  r»tort  and  forms  a  carbonaceous 
residue,  whilst  the  other  portion,  in  virtue  of  its  volatility,  escapes 
through  the  tube  leading  from  the  retort.  The  vapours  given  off,  on 
cooling,  form  a  liquid  which  separates  into  two  layers  ;  the  one,  which 
is  oily,  is  composed  of  the  BO-called  animal  oils  (olema  nnhnale),  the 
other,  an  a<]ueouB  layer,  contains  a  solution  of  ammonia  salts.  If  tbia 
solution  l>e  mixed  with  lime  and  heated,  the  Hme  takes  up  the  elements 
of  carbonic  acid  from  the  ammonia  salts,  and  amiuonin  is  evolved  as  a 
gaa.'  In  ancient  times  ammonia  compounds  wei-e  imported  into  Europe 
from  Egypt,  where  they  were  prepared  from  the  soot  obtained  in  the 
employment  of  camels'  dung  as  fuel  in  the  locality  of  the  temple  of 
Jupiter  Ammon  (in  Lybia),  and  therefore  the  salt  obtained  was  called 
'sal-ammoniacale,'  from  which  the  name  of  ammonia  ia  derived,  Now 
ammonia  is  exclusively  obtained,  on  a  large  scale,  either  from  the  products 
of  the  dry  distillation  of  animal  or  vegetable  refuse,  from  urine,  or  from 
,1  liquors  collected  in  the  destructive  distillation  of  coal 


iuto  nitrogen  kiidhydragBn.  This  is  a  phenamenon  ot  diaBociation,  nswai  eiplotned  iu  the 
preceding  chapter,  p.  1197.  Therefore,  ■  Beritis  of  ipwks  do  not  totall;  decompose  Oui 
ammonia,  hut  leave  a  certain  portion  undevompoaed.  One  toIudib  □(  nitrogen  and  thcee 
volomea  o!  hfdcDgen  areobtwned  from  two  Tolnmea  ol  ammonia.  The presance  of  free 
ammonia— that  is,  ammonia  not  oombined  with  HcidH — in  a  gas  or  aqneoue  nolalion  may 
he  reoogniaed  bjitacbancteristic  lunell.  But  man;  uumonia  salts  da  nnt  possess  this 
unell.  Howevec,  on  theoddition  of  an  alkali  (for  instance,  caastic  lime,  potash, or sodx), 
they  evolve  ammonia  gas,  especially  vhen  heated.  The  [iresenoe  of  ammonis  may  be 
made  viable  by  introducing  a  substance  rooistaocd  with  strong  hjdmchloric  >u.id  intn 
its  neighbourhood.  A  white  cloud,  or  yiaible  white  vapour,  then  uiiikes  its  nppoiiTOnee. 
This  depeod*  on  the  fact  that  both  amuiauiit  and  hjdrodxioric  ucid  ure  volntile,  and 
on  coming  into  contact  with  each  other  form  solid  aal- ammoniac,  NH,C1,  which  Sotmt  a 
cloud.  Thin  test  is  usually  made  by  dipping  a  glass  rod  into  hydrochloric  noid,  and 
Iralding  it  over  the  vessel  from  which  the  ammoniH  is  evolved.  With  small  amounts  of 
ammonia  this  test  ia,  however,  untrustwoithy,  as  the  wliite  vapoar  is  scarcely  observable. 
In  this  case  it  is  best  to  take  paper  moistened  with  mercuroas  nitrate,  HgNO;,  This 
paper  tnins  black  in  the  presence  of  ammonia,  owing  to  the  formation  of  a  black  com- 
pound ot  ammonia  with  mercuroas  oxide.  The  smallest  traces  of  ammonia,  tor  instance, 
in  river  water,  may  be  discovered  by  means  of  the  so-called  Nessler's  reagent,  containing 
n  solution  of  mercuric  chloride  and  polassiam  iodide,  wbioh  forms  a  brown  coloration 
or  precipitate  with  the  smallest  quantities  ot  ammonia.  Bete  it  will  be  Dseful  to  give  the 
thermo-ohemics]  data  (in  thousands  ot  units  of  heat,  according  to  Thomsen),  or  the 
quantities  of  beat  »volveiI  in  the  fotniation  ot  ammonia  and  its  oompoands  in  quantities 
expressed  by  their  torranlw.  Thus,  for  insUnoe  (N  +  Hj)  ae'7  iudicates  that  11  groros 
of  nitrogen  in  combiuin([  with  3  mums  of  hydrogen  develop  suiHcient  beat  to  raise  the 
teniperutnre  ot  9U'T  kilograms  of  water  1°.  (NHj  +  nH,0|  84  (heat  of  solution); 
(NH),nHaO  +  HCl,nH,0|  la-S;  (N  +  H,  ^^  CI)  BO-0 ;  (NHj-fHCI)  *1-B. 

>  The  wme  ammonia  water  is  obtained,  although  ui  smaller  quantities,  in  the 
dry  distilla^on  ot  plants  and  of  coal,  which  consists  of  the  remains  of  fossil  plants. 
In  alHhcse  cases  the  ammonia  proceeds  from  the  destruction  ot  the  oomplei  nitrogenoun 
substances  oacnrnng  in  plants  and  animals.  The  ammonia  salts  employed  in  pruclice 
ore  prepared  by  this  method. 


CHAPTER  VI 


E  C0UP0UND9   OP   NITROGEN   WITH 


AND  OXtOEN 


TEk  the  last  chapter  we  saw  that  nitrogen  does  not  immediately  combine 
with  hydrogen,  but  that  a  mixture  of  these  gaaes  in  the  presence  of 
hydrochloric  acid  gas,  HCl,  forms  ammonium  chloride,  NH,C1,  on  the 
passage  of  a  series  of  electric 
sparks.'  In  ammonium  chlo- 
ride, HCl  is  combined  with 
NHj,  consequently  N  with 
Hj  forms  ammonia.*  Almost 
all  the  nilrnffetwiis  siih- 
glaiicus  of  plaiUs  and  ani- 
iiialg  evolve  ammonia  when 
heated  with  an  alkali.  But 
even  without  the  presence 
of  an  alkali  the  majority  of 
nitrogenous  substances,  when  tv>.  ^ 
decomposed  or  heated  witli  a 
limited  supply  of  air,  evolve 
their  nitrogen,  if  not  entirely, 
at  all  events  partially,  in 
the  form  of  ammonia.  Thus, 
when  animal  substances  such 
as  skins,  hones,  flesh,  hair,  horns,  &,c.,  are  heated  without  access 
of  air  in  iron  retorts — or,  as  it  is  termed,  are  subjected  to  dry  diatil- 
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'  The  ammonia  id  the 

pliLntg  and  animals,  null  tiim  prob&bly  Irinn  the  redaction  of 

■ft  tormed  in  the  rnitiug  dF  irou.     Itii  formalion  in  this  oue 

depend!  in  all  pnibsbilitf  o 

gen  at  the  momontof  iUe 

'  It    a  <ilenl   duchargi 

(as  in  the  ozoniwliDa    of  oxygen),  or  a  Beries  of  aleolrio 
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perties.  Ammonia  maj  be  very  easily  prepared yVowj  this  ital -ammoniac, 
NH4CI,  as  from  any  other  ammoiuacal  salt,  by  heating  it  with  lime. 
Calciam  hydroxide,  CaH^O^  as  an  alkali  takes  np  the  acid  and  sets 
free  the  ammonia,  forming  caleinm  chloride,  according  to  the  equation 
2NH4Cl-f  CaH,0,  =  2H,0  +  CaCl^-h2NH,.  In  this  reaction  the 
ammonia,  as  a  gas,  is  evolved.^ 

It  mast  be  observed  that  all  the  complex  nitrogenous  substances  ti 
plants,  animals,  and  soils  are  decomposed  when  heated  with  an  excess 
of  sulpha  ric  acid,  the  whole  of  their  nitrogen  being  converted  into 
.ammonium  sulphate,  from  which  it  may  be  liberated  by  treatment  with 
an  excess  of  alkali.  This  reaction  is  so  complete  that  it  forms  the 
basis  of  Kjeldahl's  method  for  estimating  the  amount  of  nitrogen  in  its 
compounds. 

Ammonia  is  a  colourless  gas,  resembling  those  with  which  we  are 
already  acquainted  in  its  outward  appearance  but  clearly  distinguish- 
able from  any  other  gas  by  its  very  characteristic  and  strong  smell.  It 
irritates  the  eyes,  and  it  is  positively  impossible  to  inhale  it.  Animals 
die  in  it.  Its  density,  referred  to  hydrogen,  is  8*5  ;  hence  it  is  lighter 
than  air.     It  l^longs  to  the  class  of  gases  which  are  easily  liquefied." 

*  On  a  miiaI]  scale  ammonia  may  be  prepared  in  a  glass  flask  bj  mixing  eqnal  parts 
by  weight  of  slacked  lime  and  finely-powdered  sal-ammoniac,  the  neck  of  the  flask 
being  connected  with  an  arrangement  for  dr3ring  the  gas  obtained.  In  this  insfctance 
neither  calciam  chloride  nor  snlphnric  acid  can  be  nsed  for  drying  the  gas,  because 
they  absorb  ammonia,  and  therefore  solid  caustic  potash,  which  is  capable  of  retaining 
the  water,  is  employed.  The  gas  conducting  tube  leading  from  the  desiccating  apparatas 
is  introdnced  into  a  mercury  bath,  if  dry  gaseous  ammonia  be  required,  because  water 
cannot  be  employed  in  collecting  ammonia  gas.  Anmionia  was  first  obtained  in  this  dr>- 
•tate  by  Priestley,  and  its  composition  was  investigated  by  Berthollet  at  the  end  of  the 
last  century.  Oxide  of  lead  mixed  with  sal-ammoniac  (Isambert)  evolves  ammonia 
with  still  greater  ease  than  Ume.  The  cause  and  process  of  the  decomposition  is  almost 
the  same,  2PbO  +  2NH4CI  =  PhpCl^  +  H^O  +  2NH5.  Lead  oxychloride  is  (probably) 
formed. 

7  This  is  evident  from  the  fact  that  its  absolute  boiling  point  lies  about  ->- 130-  (Chap. 
II.  Note  29).  Consequently,  it  may  be  liquefied  by  pressure  alone  at  the  ordinary,  and  even 
much  higher,  temperatures.  The  latent  heat  of  evaporation  of  17  parts  by  weight 
of  ammonia  equals  4400  units  of  heat,  and  therefore  liquid  ammonia  may  be  employed 
for  the  production  of  cold.  Strong  aqifeous  solutions  of  ammonia,  which  in  parting  with 
their  ammonia  act  in  a  similar  manner,  are  not  unfrequently  employed  for  this  purpose. 
Suppose  a  saturated  solution  of  ammonia  to  be  held  in  a  closed  vessel  furnished  with 
a  receiver.  If  the  ammoniacal  solution  be  heated,  the  ammonia,  with  a  small  quantity 
of  water,  will  pass  off  from  the  solution,  and  in  accumulating  in  the  apparatus  will 
produce  a  considerable  preasore,  and  will  therefore  liquefy  in  the  cooler  portions  of  the 
receiver.  Hence  liquid  ammonia  will  be  obtained  in  the  receiver.  The  heating  of  the 
vessel  containing  the  aqueous  solution  of  ammonia  is  then  stopped.  After  having  been 
heated  it  contains  only  water,  or  a  solution  fKtor  in  ammonia.  When  once  it  begins  to  cool, 
the  ammonia  vajmurs  commence  dissolving  in  it,  the  space  becomes  rarefied,  and  a  rapid 
vaporisation  of  the  liquefied  ammonia  left  in  the  receiver  takes  place.  In  evaporating  in 
the  receiver  it  will  cause  the  temperature  in  it  to  fall  considerably,  and  will  itself  pass  into 


r 

^V  P&raday   employed    the    fol]owing   method   foi'  liquefying 

^H  Ammonia,  wLen  paGsed  over  dry  silver  chloride,  AgCl,  is  altsorbed  by  it 

to  a  considerable  extent,  especially  at  low  t«mperatures."     The  solid 
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the  iu|Ueoas  aolntlon.  In  the  end,  the  mme  ajiunonUc*!  aalntinn  an  was  origlnull;  Uken 
it  re-obtajned.  Thu^^  in  this  case,  on  heating  the  vevfl^l  the  preAunre  increaHeii  of  itself, 
■and  on  exiling  it  diminiBheit,  so  that  here  beat  directlj  replaces  meehanical  work.  This 
in  the  principle  of  the  simplest  forme  of  Carrl'i  ito-making  machines,  shown  in  fig.  44. 
C  is  a  veasol  made  of  boiler  platoa  into  which  the  eaturat«d  solution  of  ommoma  ta 
poured ;  m  is  a  tube  coadacting  the  amtDonia  vapour  to  the  receiver  A.    All  parta  ol 


44.— OairA'i  sppHstn*,    DcsorUied  in  tsu 


wonld  otberwixe  hinder  tlie  ligueluctiua  of  tlie  ammonia.  The  process  is  carried  on  ■» 
follows :— The  apparatns  is  first  so  inclined  that  anj  liqaid  remsiniag  in  A  maj  flow 
into  C.  The  vuswl  C  is  then  placed  upon  a  atove  P,  and  healed  nntil  the  thermometer  t 
indicates  a  temperature  of  l'S&^  C-  Duiing  this  time  the  ammonia  has  been  expelled  from 
C  and  hu  liqaefled  in  A.  In  order  ia  facilitate  the  liqaetaclion,  the  receiver  A  should 
be  immersed  in  a  tatili  of  water  R  (sue  the  left-hand  drawing  in  fig.  14).  After  about 
bftlf  an  hoar,  when  it  may  be  supfwsed  thai  the  ammonia  has  lieen  expelled,  the  fire  is 
ranoved  from  under  C,  and  this  is  now  immersed  in  the  tank  of  water  R.  The  spparatna 
is  represented  in  this  position  in  tlie  right-hand  drawing  of  fig.  44.  Then  the  Uquefied 
ammonia  evaporates,  and  passes  over  into  the  water  in  C.  This  causes  the  temperatoni 
of  A  la  fall  eonsiderablj.  Tlie  >abatanDe  to  be  re&igerated  is  placed  in  a  Teasel  G,  in  ths 
c;lindiioal  space  inside  the  receiver  A.  The  refrigeration  is  also  kept  on  for  about  halt 
an  honr,  and  with  an  apparatus  of  ordinary  dimensions  (containing  about  two  litres 
of  ammonia  solntion),  five  kilograms  of  ice  are  prodnced  by  the  consumption  of  one 
kilogram  of  coal.     In  industrial  works  more  complicated  types  of  Carry's  machinal  aie 
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of  ablorUc  ot  Hlvm 


compound  AgCljSNHj  thus  obtained  Ja  ictroduced  into  a  bent  tube 
{fig,  45),  whose  open  end  c  is  then  fused  up.  The  compound  ie  then 
slightly  heated  at  a,  and  the  ammonia  comes  off,  owing  to  the  easy 
dissociation  of  the  compound.  The  other  end  of  the  tube  is  immersed 
in  a  freezing  mixture.  The  pressure  of  the  gas 
coming  off,  combined  with  the  low  temperature 
at  one  end  of  the  tube,  causes  the  ammonia 
1  evolved  to  condense  into  a  liquid,  in  which  form 
I,  o(  it  collects  at  the  cold  end  of  the  tube.  If  the 
^,)  heating  be  stopped,  the  silver  chloride  again 
*Sl  absorbs  the  ammonia.  In  this  manner,  one  tube 
Mi«.«JS'nrL''  ™''  '  "*  ™^y  ^^rve  for  repeated  experiments.  Ammonia 
may  also  be  liquefied  by  the  oi-dinary  methods 
— that  is,  by  means  of  pumping  dry  ammonia  gas  into  a  refrigerated 
space,  Liijuefied  ammonia  is  a  colourless  and  very  mobile  liquid,* 
whose  specific  gravity  at  0°  is  0-63  (E.  Andri^ell).  At  the  temperature 
(about  —70'^)  given  by  a  mixture  of  liquid  carbonic  anhydride  and  ether, 
li<|uid  ammonia  crystallises,  and  in  this  form  its  odour  is  feeble,  because 
at  so  low  a  temperature  its  vapour  tension  is  very  inconsiderable.  The 
boiling  point  (at  a  pressure  of  760  mm.)  of  liquid  ammonia  is  about  —32°. 
Hence  this  temperature  may  be  obtained  at  the  ordinary  pressure  by 
the  evaporation  of  liquefied  ammonia. 

Ammonia,  containing,  as  it  does,  much  hydrogen,  is  enpable  of 
eojnbustion  ;  it  does  not,  however,  bum  regularly,  and  sometimes  not 
at  all,  in  the  ordinary  atmospheric  air.  In  pure  oxygen  it  burns  with 
a  greenish -yellow  flame,'"  forming  water,  whilst  the  nitrogen  set  free 


■abulsuoe  in  equal  to  the  atmnspheric  presBure  nt  m".  whilst  for  AgCI.HNUs  the 
prvaallreii  are  equnl  a.t  about  30° ;  conieqaeiitly,  at  higher  teinpf-uturei  it  is  greater  tluin 
the  ntmoaphitric  presiiure,  whilst  at  lower  teui)ierBtiires  the  aiuinoniii.  beinK  sbBorlied 
bjr  the  Bilrer  chloride,  fomiB  this  eompounil,  CoDaequBntly,  ail  the  iihenomeDa  of  disao- 
cintioD  are  here  clearly  to  be  obBerved. 

*  The  liqaefaetion  ol  ammonia  may  be  aocctnphahed  withont  an  increase  at  preH>ar», 
by  Dieaiu  ot  refrigeration  alone,  in  a  caietaUy-prepared  miitnru  of  ice  and  oalciDm 
ehloridu.  It  may  even  take  place  in  the  severe  frosts  oF  a  Rnsiiian  winter.  The  appli- 
cation of  liquid  ammonia  lu  a  motiTe  pover  for  en)iinen  forms  a  problem  which  has  to  a 
oertaiu  extent  been  solved  by  the  French  engineer  Tellier, 

'"  The  oambnution  ot  ammonia  in  oxygen  may  bo  effected  by  the  aid  ot  platinum. 
A  small  quantity  ot  on  lU] aeons  solntion  of  ammonia,  containing  about  20  p.c.  of  ammonia, 
is  pimrBd  bita  a  wide-necked  beaker  ot  aboat  one  hire  capacity,  A  gOB-eonducting  tube 
about  10  mm.  in  diameter,  and  supplying  oiygoDi  is  immersed  in  the  aqneons  sDlutioD  of 
ammDnia,  Bnt  before  introdueiug  the  gas  an  incandescent  plutiuum  spiral  is  placed  iu 
the  beaker ;  the  ammonia  in  tlie  presence  of  the  platinum  is  oxidised  and  bums,  whilst 
the  plaliunui  »ire  becomes  still  more  inouideBoent.  The  amitionia  is  then  heated,  and 
the  oiygeii  passed  into  the  solation.  The  oxygen,  as  it  bubbles  att  from  the  ammonia 
solution,  carries  off  a  part  o!  the  smmooia  with  it,  and  this  miitun:  explodes  on  earning 
intocootaot  with  the  incandescent  platinom.     This  is  followed  by  a  certain  coaling  effect. 
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gives  its  oxygen  compound  —  that  is,  oxide  of  nitrogen.     The  decompo- 
flition  of  ammonia  into  hydrogen  and  nitrogen  not  only  takes  place  at  a  I 
red  heat  and  under  the  action  of  electric  sparks,  but  also  by  ineani 
many  oxidisinfj  substances  ;  for  instance,  by  passing  ammonia  through 
a  tube  containing  red-hot  copper  oxide.     The  water  thus  formi'd  may 
be  collected  by  substances  absorbing  it,  and  tJie  quantity  of  nitrogea 
may  be   measured  in  a  gaseous  form,  and  thus  the  composition  of    i 
k  determined.     In  this  manner  it  is  very  easy  to  prove  that 
L  contains    3  parts  by   weight  of   hydrogen  to   14  parts  by    ' 
weight  of  nitrogen  ;  and,  by  volume,  3  vols,  of  hydrogen  and  1  vol.  of  1 
nitrogen  form  2  vols,  of  ammonia. ' ' 

Ammonia  is  capable  of  combining  with  a  number  of  substances,    I 
forming,  like  water,  substances  of  various  degrees  of  stability.     It  is   | 
more  soluble  than  any  other  known  gas,  both  in  water  and  in  many 
aqueous  solutions.     We  have  already  seen,  in  tJie  first  chapter,  that  I 
one  volume  of  wnter,  at  the  ordinary  tempei-ature,  dissolves  about  ■ 
700  vols,  of  ammonia  gas.     The  great  solubility  of  ammonia  enables  it 
ta  be  always  kept  ready  for  use  in  the  form  of  an  ocjueous  solution  "" 
which  is  commercially  known  as  npiriU  of  hartshorn.    Ammonia  wat«e  ( 


ow'tng  to  the  oonibustinu  ceuing,  but  &fter  a,  ahort  interval  this  in,  lioK«rer.  [enawad,  mi  A^ 
tbkl  one  feeble  eiploiion  follows  after  uiother.     Oonns  the  period  of  uiiditian  wiUioot    j 
eiplosion.irhilflTRpaimof  ammoniuai  nitrite  luiilred-biDim  vapoura  of  uiidat  of  nitrcigen 
nulla  their  appoamnce.  while  daring  the  eiploBioa  then;  ia  oouipletB  tombaation.  and 
cunBeqnentl;  water  and  nitrogen  arc  formed. 

11  This  may  be  verified  b;  tlieir  donsitiex.  Nitrogen  is  li  times  duDBcr  than  hydro- 
gen, and  ammonia  i>  HJ  timea.  If  8  volumes  of  hydrogen  with  1  volume  o[  nitrogen  khtb 
i  volumes  of  ammonia,  then  theie  4  Toloinea  would  weigh  17  timea  more  than  1  voluma 
of  hydrngon  ;  eonsequenlly,  1  volume  of  ammonia  would  weigh  4]  times  heavier  than  the 
sunt)  volume  ol  hydrogen.  But  as  these  4  volumes  only  give  a  volumes  of  ammonia, 
therefore  they  weigh  Hj  times  heavier  tliau  hydrogen,  whiqh  wo  find  W  be  actually  the 

Jo^lOOOO,  their  specillr  gmvity,  as  dependent  on  p,  or  the  percentage  amount  (by 
weight)  of  ammonia,  is  given  by  the  eipreasioui^  9903— 43'Sp-fD-3t/i';  for  infltaure,  with 
lOp.e.  t^SSST.  If  the  temperature  be  c'f,  bnt  not  less  than  10°  or  above  90°,  then 
theeitpKsBsion|IG-()[l-S^O-ll;i)mnstbeaddedlD  the  formula  lor  the  speoiSc  gravity. 

Isolations  containing  above  94  p.c.  have  not  been  sufficiently  investigated  in  respect  to 
the  variation  of  their  specific  gravity.  It  is.  however.  ea>y  to  obtain  more  conceDtraled 
wlnliona,  and  at  0°  solntions  approachmg  NHi,H]0  (4(I'S  p.c,  NHj)  in  their  caminsition, 
and  of  sp.  gr,  D'SG,  may  be  prepared.  But  such  •olDliona  give  np  the  bulk  of  thur 
ammonia  at  the  ordlnuy  lempenttnre.  bo  that  more  than  94  p.c.  NHj  is  rarely  contained 
in  solution.  Ammoniacal  aolntions  coDtainin);  a  coneiderable  amount  of  ammonia  giv* 
im-like  crystals  at  temperatures  far  below  0°  (for  inatanre.an  H  p.c.  solation  at  —14°,  th« 
■trongest  solutions  al  —  48°)  which  aeem  to  contain  ammouia.  Tile  whole  of  tie  ammonia 
may  be  expelled  from  a  solution  by  heating,  even  at  a  oomparatively  low  temperatnn; 
tberetore.  in  healing  iu]ueous  solutions  eoutiiining  ammonia  a  very  strong  solution  ot 
ammonia  is  obtained  in  the  diatillale.  Alcohol,  ether,  and  many  other  liquids  are  also 
capable  of  dis«olving  ammonia.    Bolntions  of  ammonia,  when  eiposedto  the  atmosphere, 
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other  acid  be  brought  iuto  contact  with  ^mmoiiia  it  absorbs  it,  and  in 
so  doing  evolveis  a, large  amount  of  heat  and  forms  a  compound  having 
aU  the  properties  of  a  salt.  Thus,  for  example,  sulphuric  atnd,  H3SO4, 
in  absorbing  ammonia,  forms  (on  evaporating  the  solution)-  two  salts, 
according  to  the  relative  quantities  of  ammoilia  and  acid.  iQne  salt  is 
formed  from  NHj-f  H^SO^,  and  consequently  has  the  composition 
NH5SO4,  and  the  other  is  formed  from  2NH3-I-H2SQ4,  and  its  composi- 
tion is  therefore  N2HgS04.  The  former  has  an  acid  reaction  and  the 
latter  a  neutral  reaction,  and  they  are  caUed  respectively  acid  ammonium 
sulphate  (ammonium  hydrogen  sulphate),  and  normal  ammonium  sul- 
phate, or  simply  ammonium  sulphate.  The  same  takes  pl4ce  in  the 
action  of  all  other  acids  ;  but  certain  of  them  are  able  to  form  normal 
ammonium  salts  only,  whilst  others  give  both  acid  and  normal  ammonium 
salts.  This  depends  on  the  nature  of  the  acid  and  not  on  the  ammonia, 
as  we  shall  afterwards  see.  Ammonium  salts  are  very  similar  in  appear- 
ance and  in  many  of  their  properties  to  metallic  salts  ;  for  instance, 
sodium  chloride,  or  table  salt,  resembles  sal-ammoniac,  or  ammonium 
chloride,  not  only  in  its  outward  appearance  but  even  in  crystalline 
form,  in  its  property  of  giving  precipitates  with  silver  salts,  in  its  solu- 
bility in  water,  and  in  its  evolving  hydrochloric  acid  when  heated  with 
sulphuric  acid — in  a  word,  a  most  perfect  analogy  is  to  be  remarked 
in  an  entire  series  of  reactions.  An  analogy  in  composition  is  seen 
if  sal-ammoniac,  NH4CI,  be  contrasted  with  table  salt,  NaCl ;  and  the 
ammonium  hydrogen  sulphate,  NH4HSO4,  with  the  sodium  hydrogen 
sulphate,  NaHS04 ;  or  ammonium  nitrate,  NH4N03,  with  sodium  nitrate, 
NaN03.^^  It  is  seen,  on  comparing  the  above  compounds,  that  the  part 
which  sodium  takes  in  the  sodium  salts  is  played  in  ammonium  salts  by 
a  group  NH4,  which  is  called  ammonium.  If  table  salt,  as  the  product 
obtained  by  the  action  of  caustic  soda  or  sodium  hydroxide  on  hydro* 

1*^  The  analogy  between  the  ammoniara  and  sodium  salts  might  seem  to  be  destroyed 
by  the  fact  that  the  latter  are  formed  from  the  alkali  or  oxide  and  an  acid,  with  the  sepa- 
ration of  water,  whilst  the  ammonium  salts  are  directly  formed  from  ammonia  and  an 
acid,  without  the  separation  of  water ;  but  the  analogy  is  restored  if  we  compare  soda  to 
ammonia  water,  and  liken  caustic  soda  to  a  compound  of  ammonia  with  water.  Then  the 
very  preparation  of  ammonia  salts  from  such  a  hydrate  of  ammonia  will  completely  re- 
semble the  preparation  of  sodium  salts  from  soda.  We  may  cite  as  an  example  the  action 
of  hydrochloric  acid  on  both  substances. 

NaHO  +  HCl  =     H2O     +       NaCl 

Smlium  hydroxide        Hydrochloric  acid        Water  Table  salt. 

NH^HO  +  HCl  =     H^O       +      NH4CI 

Ammonium  hydroxide        Hydrochloric  acid        Water         Sal-ammoniac. 

Just  us  in  soda  the  hydroxyl  or  aqueous  radicle  OH  is  replaced  by  chlorine,  so  it  is  in 
ammonia  hydrate. 
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volume  of  hydrogen,  NHj^NHj  +  H.  By  the  action  of  water, 
ammonium  amalgam  gives  hydi'ogen  and  ammonia  water,  just  at 
sodium  amalgam  gives  hydrogen  and  sodium  hydroxide ;  and  therefore, 
in  accordance  with  the  ammonium  theory,  ammonia  water  must  be 
looked  on  as  containing  ammonium  hydroxide,  NU, OH,'''  Just  as  an 
aqueous  solution  of  sodium  hydroxide  contains  NaOU.  The  ammonium 
hydroxide,  like  anmionium  itself,  is  an  unstable  suhstancii,  which  easily 
dissociates,  and  which  can  only  exist  in  a  free  state  at  low  tempera- 
tures." Ordinary  solutions  of  ammonia  must  he  looked  on  a&  the 
products  of  the  dissociation  of  this  hydroxide,  Inasmuch  as  NH,OH 
=  NHa-|-H,0.  The  liability  to  a  greater  or  less  decomposition  is 
proper,  in  the  same  degree,  to  substances  containing  NHj  as  to 
substances  containing  water. 

AH  nmmoniacal  salts  decompone.  at  a  red  }tent  Into  ammonia  and  an 
acid,  which,  on  cooling  in  contact  with  each  other,  re-combine  toj^ther. 
If  the  acid  be  non-volatile,  the  ammoniacal  salt,  when  heated,  evolves 
the  ammonia,  leaving  the  non-volatile  acid  behind  ;  if  the  acid  be  vola- 
tile, then,  on  heating,  both  the  acid  and  ammonia  volatilise  together, 
and  on  cooling  re-combine  into  the  salt  which  originally  served  for  the 
formation  of  their  vapours.'* 

Ammonia  is  not  only  capable  of  combining  with  acids,  but  also 
with  many  salts,  a&  was  seen  from  its  forming  definite  compounds, 
AgCl,3NH3  and  2AyCl,3NH3,  with  silver  chloride.  So,  also,  am- 
monia is  absorbed  by  the  chlorine,  iodine,  and  bromine  compounds 
of  many  metals,  and  in  bo  doing  evolves  heat.     Certain  of  these  oom- 

"  Wo  mw  above  tWt  this  soluliility  o(  umuiuniBi  in  watei  ftL  low  lemporktare* 
ktt«inB  to  tha  moleaoliLr  Mtia  NUj  +  H^O,  in  wliirh  these  anbuUiiceis  tte  coaUined  in 
eaOBtic  luiuiiODiiL,  und  peihapa  it  ma;  be  poawble  at  eiceediD^l;  law  tempetatoiei  to 
obtain  amnioiiiiun  bjdroxide.  NH,HO,  inuBoli^  form.  By  regarding  Bolntioiui  as  ilinO' 
ciatsd  definite  uDini>aunda,  we  ahauld  nee  a  coufirmation  of  thii  view  in  tbe  property 
abown  by  ammonia  ol  being  extremaly  euluble  in  walec,  and  in  no  doing  of  approacliing 
to  the  limit  NH4HO. 

IT  In  conlinnatioD  of  llie  tmth  of  this  cundnaion  we  may  cite  the  remarlcable  taot 
that  there  eiigl,  in  a  free  atate  and  an  compMutively  stable  compounda,  a  eerica  uf  atk»- 
liue  hydroxidea,  NK^HO,  whit^  an  perfectly  analogons  to  anunoiiiam  Iiydroiide,  and 
piment  a  strildng  rcBembianoe  to  it  and  to  sodium  hydroxide,  with  llie  only  difference 
tlut  the  liydrogeu  in  NH^HO  in  repltuwd  by  complex  gioupa,  R^CUj.  Ci,Hs.  &c.,  lor 
initaoce  M(CH,)4HO. 

'*  The  (ant  tbnt  ammoniacal  «alta  are  decomposed  when  ignitud,  and  not  limply 
•nblimed,  may  be  proved  by  a  direct  experiment  with  ■al-anunoaiac,  NR,CI,  whiuh  in  k 
state  of  vapour  n  decompoied  into  unmonia,  NHg,  and  bydrochloric  acid.  UCl,  as  will 
be  explained  in  the  following  chapter.  The  rBadinesa  with  nluoh  ammoniUBi  aaltadecom- 
poae  is  seen  from  tbe  fact  that  a  aolation  of  ummnniiun  oxalate  ia  decoBi{ioBed  irith  the 
HTOlDlicin  of  nmmnuia  even  at —1°.  Dilnte  solutions  of  ammonium  aalta,  when  boiled, 
give  aqneous  vapoac,  Imving  an  alkaline  ceaction,  owing  to  the  ptettence  ol  free  ai 
giren  ofl  from  the  sail. 
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is  coiitinually  evolving  ammoniHcal  vapour,  and  so  lias  the  tbaracterisiic 
smell  of  aninionia  itself.  It  is  a  very  characteristic  and  important  fact 
that  aintnoniu  lias  an  alkalino  reaction,  and  colours  litmus  paper  blue, 
just  like  caustic  potash  or  lime  ;  it  is  therefore  sometimes  caiiledcmitCic 
ammoniii  (volatile  alkali).  Acids  may  be  saturated  by  ammonia  wat«r 
or  gas  in  exactly  the  same  way  as  by  any  other  alkali.  In  so  doing, 
ainnwnia  combines  directly  villi  aeids,  and  this  forms  the  most  essential 
chemical  reaction  of  this  substance.     If  sulphuric,  nitric,  acetic,  or  any 

give  oil  Sip«rt  o[  their  iunninni«,  in  Bccoidnace  nith  t1;e  laws  ot  thu  Halation  ol  gaaes  in 
liquidn  olruml;  uonaideied  b;  •at.  Bat  the  iuniQoalu»1  solatioaa  aX  the  uoie  time 
abwirb  carbooic  anhydride  from  the  air,  and  amnioninui  carbiitiate  remainB  in  the  wlu- 

BolutioOH  ol  ammonia  are  reqoirsd  both  in  the  laboratory  and  in  practice,  and  have 
therafure  to  be  frBquently  prepared.  For  tUia  putpoae  the  lUTiLngemeul  ahowu  in  fig.  4fl 
a  employed  in  the  laboratory,  la  norVe  the  same  arruigemeDt  in  used,  only  ou  a  larger 
•cale  [with  eaitlienware  or  roetallic  TesBelii).    Tbe  goa  n  prepared  ia  the  retort,  from 


whence  it  ia  led  into  tha  two-necked  globe  A,  and  then  through  a  seiies  ol  Wenlle'a 
bottles.  B,  C,  D,  E.  The  imparities  epurting  over  collect  in  A,  and  Che  gaa  is  dissolved 
ID  B,  bat  the  solution  soon  becomes  sataniled,  and  a  paier  (washed)  aounonia  passes 
over  into  the  loUowiog  vefneU,  in  which  only  a  pore  eolntion  ia  obtained.  The  hent 
lunnel  tube  in  the  retort  preserver  the  apparatus  Irom  the  possibility  both  of  the  pres- 
sure ol  the  gas  evolved  in  it  becoming  too  great  (when  the  gas  escapes  throngh  it  into 
the  air),  and  also  from  the  pressure  incidenlally  tailing  too  low  (for  instnnoe,  owing  to  a 
cooling  effect,  or  Irom  the  reactioa  stopping).  I(  this  takes  place,  tbe  air  passes  into  the 
relorC,  otherwise  the  liquid  trom  B  woald  be  drawn  into  A.  The  safety  tubes  in  each 
'WoDlfe's  bottle,  opea  at  both  ends,  and  immersed  in  the  liquid,  serve  for  the  iis^e  purpose. 
Withoat  them,  in  case  ot  an  accidental  stoppage  in  the  evolation  uf  bo  soluble  a  ga>>  as 
nmmaaia,  tbe  solution  would  be  sucked  from  one  vessel  to  another — for  instuice  (rem  E 
into  D,  A-c.  In  order  to  clearly  see  (he  necessity  of  the  'n/ety  inhti  in  a  gas  apparatus, 
it  must  be  considered  that  tbe  gaarout  ptetture  in  the  interior  ol  (he  arrangement  must 
exceed  tlie  ntmospheric  pteBsure  by  the  height  of   the  sum  uf  the  columns  ol  liquid 
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other  acid  be  brought  into  iTnutact  witli  nimuouin  it  absorbs  it,  and  in 
so  doing  evolves  a  large  amount  of  heat  and  fonns  a  compoiiud  having 
all  the  properties  of  a  salt.  Tims,  for  example,  sulphuric  acid,  HjSO,, 
in  absorbing  ammonia,  forms  (on  evaporating  the  solution)  two  salts, 
according  to  the  relative  quantities  of  ammonia  and  acid.  One  Halt  is 
formed  from  NHjj+H^SO^,  and  consetjuently  iias  tbe  oomposition 
NH,,SO<,  and  the  other  is  fonned  from  SSHj  +  HjSO,,  and  its  composi- 
tion is  therefore  N^H^SO^.  The  former  has  an  acid  reaction  and  the 
latter  a  neutral  reaction,  and  they  are  called  respectively  acid  ammonium 
sulphate  {ammonium  hydrogen  sulphate),  and  normal  ammonium  sul- 
phate, or  simply  ammonium  sulphate.  The  same  takes  plAce  in  the 
action  of  all  other  acids  ;  but  certain  of  them  are  able  to  form  normal 
ammonium  salts  only,  whilst  others  give  both  otid  and  normal  ai 
salts.  This  depends  on  the  nature  of  the  acid  and  not  oi 
es  we  shall  afterwards  see.  Ammonium  salta  are  very  simUar  in  appear- 
ance and  in  many  of  their  properties  to  metallic  salts  ;  for  instance, 
sodium  chloride,  or  table  salt,  resembles  sal-ammoniac,  or  ammonium 
chloride,  not  only  in  its  outward  appearance  but  even  in  crystalline 
form,  in  its  property  of  giving  precipitates  with  sil\-er  salts,  in  its  solu- 
bility in  water,  and  in  its  evoh-ing  hydrochloric  a«id  when  heated  with 
sulphuric  acid— in  a  word,  a  moat  perfect  analogy  is  to  be  remarked 

1  entire  series  of  reactions.  An  analogy  in  composition  is  seen 
if  sal-ammoniac,  NH^Cl.  be  contrasted  with  table  salt,  NaCl ;  and  the 

anium  hydrogen  sulphate,  NH,HSO^,  with  the  sodium  hydrogen 
sulphate,  NaHSO, ;  or  ammonium  nitrate,  NH,NO.„  with  sodium  nitrate, 
24aKO].'^  It  is  seen,  on  comparing  the  above  compounds,  that  the  part 
which  sodium  takes  in  the  sodium  ^ts  is  played  in  ammonium  salts  by 
a  group  NH„  which  is  called  ammonuim.  If  table  salt,  as  the  product 
obtained  by  the  action  of  caustic  soda  or  sodium  hydroxide  on  hydro- 


'>  The  anHtogy  belwt 


e  nmmoniiita  wid  luidium  -talti  iiiit(ht  unvia  (o  be  detttrojed 
lie  J&tter  are  farmed  (rum  tUe  slkiUi  or  niide  and  nn  aoid,  with  tbe  aepa- 
hilnt  the  luiinioniuiii  ulte  ue  directly  loimied  ftoiii  lunmonik  and  an 
wpantion  of  irnter ;  but  tho  anutngy  ia  reatored  if  wo  iwmpare  soda  to 
M  water,  and  lilcHn  caaatic  aoda  to  a  compound  of  ammonia  with  wkter.   Then  tbe 
iparatioD  of  aounonia  nalts  frnm  Huch  a  hydmle  at  ammonia  will  complelel;  re- 
the  pnjpBiation  of  sodium  Baits  from  soda.   We  may  cite  ae  un  eumple  the  action 
flf  bydrocbloric  iLcid  on  both  snbBluicee. 


llj  thel 


NftHO 
Sodiom  hydro 

+                 HCI 
lide       Hydrochloric . 

=     HjO     +       NaCl 
wid         Water          Table  ult. 

N'H,HO 

+             HCI 
,.ide         Hydrochloric 

-     H,0      +      NH.C1 

Jnit  M  in  Boda  the  hydn 

iixyl  or  .iqueous  radic 

le  OH  ;»  replii.:e.l  by  ildorinB, 
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chloric  acid,  be  called  *  sodium  chloride/  then  sal-ammoniac,  as  the 
product  obtained  from  caustic  ammonia  or  ammonium  hydroxide,  is 
called  *  ammonium  chloride.' 

The  hypothesis  that  ammoniacal  salts  correspond  with  a  complex 
metal  ammonium  bears  the  name  of  the  ammonium  theory.  It  was 
enunciated  by  the  famous  Swedish  chemist  Berzelius  after  the  proposi- 
tion made  by  Ampere.  The  analogy  admitted  between  ammonium  and 
metals  is  probable,  owing  to  the  fact  that  mercury  is  able  to  form  an 
amalgam  with  ammonium  similar  to  that  which  it  forms  with  sodium  or 
many  other  metals.  The  only  diflference  between  ammonium  amalgam 
and  sodium  amalgam  consists  in  the  instability  of  the  ammonium,  which 
easily  decomposes  into  ammonia  ia,nd  hydrogen.**  Ammonium  amalgam 
may  be  prepared  from  sodium  amalgam.  If  the  latter  be  shaken  up 
with  a  strong  solution  of  sal-ammoniac,  the  mercury  swells  up  violently 
and  loses  its  mobility  while  preserving  its  metallic  appearance.  In  so 
doing,  the  mercury  dissolves  ammonium — that  is,  the  sodium  in  the 
mercury  is  replaced  by  the  ammonium,  and  replaces  it  in  the  sal- 
ammoniac,  forming  sodium  chloride,  NH4CI  -H  HgNa  =  NaCl  -f  HgNH4. 
Naturally,  ammonium  amalgam  does  not  entirely  prove  the  existence 
of  ammonium  itself  in  a  separate  state  ;  but  it  shows  the  possibility  of 
this  substance  existing,  and,  what  is  more  important,  its  analogy  with 
the  metals,  because  only  metals  dissolve  in  mercury,  forming  compounds 
termed  *  amalgams,' without  altering  its  metallic  form.*^  Ammonium 
amalgam  crystallises  in  cubes,  three  times  heavier  than  water ;  it  is 
only  stable  in  the  cold,  and  particularly  at  very  low  temperatures.  It 
begins  to  decompose  at  the  ordinary  temperature,  evolving  ammonia 
and  hydrogen  in  the  proportion  of  two  volumes  of  ammonia  and  one 

**  Weyl,  by  working  at  considerable  pressures,  obtained  the  compound  NH5K,  and 
then  ammonium  itself — by  the  action  of  sal-ammoniac  on  this  substance — in  the  form  of 
a  blue  liquid,  but  his  researches  require  confirmation.  Ammonium  amalgam  was  origi- 
nally obtained  in  exactly  the  same  way  as  sodium  amalgam  (Davy) ;  namely,  a  j)ieee  of 
sal-ammoniac  was  taken,  and  moistened  with  water  (in  order  to  render  it  a  conductor 
of  electricity).  A  cavity  was  made  in  it,  into  which  mercury  was  inured,  and  it 
was  laid  on  a  sheet  of  platinum  connected  with  the  positive  pole  of  a  galvanic  battery, 
while  the  negative  pole  was  put  into  connection  with  the  mercury.  On  passing  a  current 
the  mercury  increased  considerably  in  volume,  and  became  plastic,  while  prener^ng  its 
metallic  appearance,  just  as  would  be  the  case  were  the  sal-ammoniac  replaced  by  a 
lump  of  a  sodium  salt  or  of  many  other  metals.  In  the  analogous  decomposition  of 
common  metallic  salts,  the  metal  contained  in  a  given  salt  separates  out  at  Mie  negative 
pole,  immersed  in  mercury,  by  which  the  metal  is  dissolved.  A  similar  phenomenon  i^t 
observed  in  the  case  of  sal-ammoniac ;  the  elements  of  ammonium,  NH,,  in  this  case  are 
also  collected  in  the  mercury,  and  are  retained  by  it  for  a  certain  time. 

"^^  It  would  seem  that  hydrogen  is  also  capable  of  fonningan  amalgam  resembling  the 
amalgam  of  ammonium.  If  an  tunalgam  of  zinc  be  shaken  up  with  an  a<iueous  solution  of 
platinum  chloride,  without  access  of  air,  then  a  spongy  mass  is  formed  which  easily 
decomposes,  with  the  evolution  of  hydrogen. 
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volume  of  hydrogen,  NH4  =  NHj  +  H.  By  the  nation  of  vater, 
amiDOnium  amalgam  gives  hydrogen  and  ammonin  water,  just  oi 
Eodium  amalgam  gives  hydrogen  and  sodium  hydroxide;  and  therefore, 
in  accordance  with  the  ammonium  theory,  ammonia  water  must  be 
looked  on  aa  containing  ammonium  hydroxide,  NHjOH,'"  Justus  aa 
aqueous  solution  of  sodium  hydroxide  contains  NaOH.  The  ammonium 
hydroxide,  like  ammonium  itself,  is  an  unstable  sulistaDce,  which  easily 
dissociates,  and  which  can  only  exist  in  a  free  state  at  low  tempera- 
tures." Ordinary  solutions  of  ammonia  must  be  looked  on  as  the 
products  of  the  dissociation  of  this  hydroxide,  inasmuch  as  NH,OH 
sNHa+H^O.  The  liability  to  a  greater  or  less  decomposition  is 
proper,  in  the  same  degree,  to  substances  containing  NHj  as  to 
substances  containing  water. 

All  ammoniacal  salts  decomposi  at  a  red  heal  into  ammonia  and  an 
acid,  which,  on  cooling  in  contact  with  each  other,  re-combine  together. 
If  the  acid  be  non-volatile,  the  ammoniacil  salt,  when  heated,  evolves 
the  ammonia,  leaving  the  non-volatile  acid  Vwhind ;  if  tlie  acid  he  vola- 
tile, then,  on  heating,  both  the  acid  and  ammonia  volatilise  together, 
and  on  cooling  re-conibine  into  the  salt  which  originally  served  for  the 
formation  of  their  vapours.'" 

Ammonia  is  not  only  capable  of  combining  with  acids,  but  also 
with  many  silIis,  as  was  seen  from  its  forming  definite  compounds, 
AgCl.SNHj  and  2AgCl,3NHj,  with  silver  chioiide.  So,  also,  am- 
monia is  absorbed  by  the  chlorine,  iodine,  and  bromine  compounds 
of  many  metals,  and  in  so  doing  evolves  heat.     Certain  of  these  com- 


>'  We  uw  ubove  that  the  lolDbility  ol  mnn 
attkina  to  the  molscalar  rutin  NUs-^H,0,  in  whic 
Cftustio  kinmoaui,  anil  [Kirliilpii  it  ma}'  bu  puagibl 
DhUia  ammonium  bydroiide,  NH.BU,  inasoliil  foi 
eikted  de&nite  cumpounds,  we  ahoali  see  b,  confii 


loiiiu  in  water  at  low  [empenlnras 
n  these  enbiitiuioea  are  codU 
6  aX  eiceedinKly  low  tempera 
7n.    By  regardlug  eotntioiiB  ■ 
■mation  of  thia  view  in  the  proprrtj    ' 
■hewn  by  ommoniu  of  iMiog  extremely  soluble  ui  water,  and  in  su  doing  uf  approachiug 
to  the  limit  NH,UO. 

"  In  eonflmuulion  i 
thlit  there  exial,  in  a  free  atate  ati 
line  bjdroiidea,  NR,HO,  which 
pieMnt  a  atrikiiig  resemblance  ■ 
thai  the  hydrogen  in  NH^UO  ii 
ituUnce  N(CH3)tH0. 

!■  The  fact  that  onununiacal  ealts  are  decompOBod  when  Igniled,  and  n 
■ubllmed,  may  be  proved  by  a  direct  experiment  with  eal -ammoniac,  NH^Cl,  i 
■tatB  of  vapaoc  i»  decompoaed  into  ojomoDia,  NHg,  and  hydroohloric  [uiid,  UCI,  ai 
be  explained  in  the  following  uhapter.  The  readiaeaaHithwhichonunoniam  ultadeoom-  I 
poae  is  aeen  from  the  tact  that  a  aolutiun  of  amnmninin  oxalate  ia  decompOBad  with  th*  ] 
erolotinn  of  ammonin  rvuu  at  -V:  Dilute  aolutiona  of  ammonium  Mlta,  when  bciled,  | 
give  aqueona  ra|iimr.  having  lUi  alkiUiuo  reaction,  owing  to  the  presence  of  tree  ai 
given  dB  from  Ibe  aalt. 


il  this  condaaion  we  may  cite  the  remarkable  laot 
.B  conipurativt^ly  atnble  componnda,  a  seriea  ol  aUi»- 
perfectly  Hdalogons  to  anunoainm  hydroxide,  and 
it  and  to  todiani  hydroxide,  with  the  only  differenco     < 
^placed  by  complex  groupa,R=^CH,,C.jH„  &c.,  for 

eiroply    J 
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pounds  ]>art  with  their  luuuHMum  erfn  wlwn  Wit  ejqMsed  to  the  air,  but 
oUiera  only  ilo  sii  at  a  rail  heat  ;  manr  $;iT«»  up  th^  ammonia  when 
diaaolved,  whiUt  others  di3sc4T«e  withoat  decompcisitioiu  and  when 
evaporated  separate  from  their  aolulioiis  vnchaa^p^  All  these  facts 
only  indicate  that  ammoniaeaU  Uke  aqnecms.  compiMuids  dissociate  with 
greater  or  lasaer  facility.  ^^  CVrtain  metallic  oxides  also  absorb  ammonia 
and  ai^  dissolved  in  ammonia  water.  Such  are^  for  instance^  the  oxides 
of  line,  nickel,  copper^  and  many  others ;  the  majority  of  such  compounds 
are  unstable.  The  pro|>erty  of  amm<mia  of  combining  with  the  oxides 
of  certain  metals  explains  its  action  on  certain  metals.^  For  this 
reason,  copper  >'e6sels  are  not  suitable  for  holding  liquids  containing 
ammonia.     Iron  is  not  acted  on  by  such  liquids. 

The  relation  of  ammonia  and  water  to  salts  and  other  substances 
becomes  espeeiiUly  clear  in  the  case  when  the  salt  is  capable  of  combining 
with  both  ammonia  and  water.  Take,  for  example,  copper  sulphate, 
CuSO^,  As  we  saw  in  Chapter  I.,  it  gives  with  water  blue  crystals, 
GuS04,5H^O  ;  but  it  also  absorbs  ammonia  in  the  same  molecular 
proportion,  forming  a  blue  substance,  CuS04,5NH3,  and  therefore  the 
ammonia  combining  with  salts  may  be  termed  ammonia  of  crystallisation. 

Such  are  the  reactions  of  combination  proper  to  ammonia.  Let  us 
now  turn  our  attention  to  the  reactions  of  substitution  proper  to  this 
substance.  If  ammonia  be  passed  through  a  heated  tube  containing 
metallic  potassium,  then  hydrogen  is  evolved,  and  a  compound  \& 
obtained  containing  ammonia  in  which  one  atom  of  hydrogen  is  re- 
placed by  an  atom  of  potassium,  NHjK  (according  to  the  equation 
NH3  +  K  =  NHjK  +  H).  This  body  is  termed  potassamide.  We  shall 
afterwards  see  that  iodine  and  chlorine  are  also  capable  of  directly 
displacing  hydrogen  from  ammonia,  and  of  replacing  it ;  we  shall  also 
see  that  in  hydrocyanic  acid,  NCH,  carbon  has  replaced  hydrogen. 
Hence  the  hydrogen  of  ammonia  may  be  replaced  in  many  ways  by 
different  elements.  If  in  so  doing  NH^  remains,  the  resultant  sub- 
stances are  called  amides^  if  only  NH  imides,  and  those  in  which  the 
whole  of  the  hydrogen  is  displaced  are  termed  nitrides.  It  may  be 
imagined  that  the  albuminous  substances — that  is,  the  complex  organic 

1'  Ltambert  Htudied  the  dissociation  of  ammoniacal  compoands,  as  we  have  seen  in 
Note  8,  and  he  showed  that  at  low  temperatures  many  salts  are  able  to  combine  with  a 
■till  greater  amount  of  ammonia,  which  proves  an  entire  analogy  with  aqueous  com- 
pounds ;  and  as  in  this  case  it  is  easy  to  isolate  the  definite  compounds,  and  as  the  least 
possible  tension  of  ammonia  is  greater  than  that  of  water,  therefore  the  ammoniacal 
compounds  present  a  great  and  peculiar  interest,  both  as  a  means  for  explaining  the 
nature  of  aqueous  solutions,  and  as  a  confirmation  of  the  conception  of  the  fonnation  of 
definite  compounds  in  them ;  for  these  reasons  we  shall  frequently  turn  to  these  com- 
pounds in  the  further  exposition  of  this  work. 

»  Chapter  V.  Note  2. 
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substances  which  «■»  have  iilreadj  had  occasion  to  mention — are  the 
amide  compouuds  corres|ionding  witli  saccharine  substances.  The  most 
important  point  to  be  remarked  is  that  in  the  action  of  different 
substances  on  ammonia  it  is  the  hydrogen  thai  is  siibatitiited ;  the 
rettctions  proceed  at  the  expense  of  the  hydrogen  and  not  of  the 
nitrogen,  which  remains  in  the  resultant  compound,  so  to  say,  un- 
touched.    The  same  is  to  observed  in  the  action  of  various  substances 

water.  In  the  majority  of  cases  the  reactions  of  water  consist  in 
the  hydrogen  being  evolved,  and  in  its  being  replaced  hy  different 
elements.  The  same  takes  place,  as  we  have  seen,  in  acids,  in  which 
the  hydrogen  is  easily  displaced  by  metals.  This  chemical  mobility  of 
hydrogen  is  distinctly  connected  with  the  great  lightness  of  the  atoms 
o£  this  element. 

In  chemical  practice"  ammonia  i3  often  employed,  not  only  for 
Uturating  acids,  but  also  for  accomplishing  reactions  of  double 
decomposition  with  salts,  and  especially  in  separating  insoluble  basic 
hydroxides  from  soluble  salts.  Let  MHO  stand  for  an  insoluble  basic 
hydroxide,  anil  HX  for  an  acid.  The  salt  formed  by  them  will  have  a 
composition  MHO +  XH-HjO=MX.  If  aqueous  ammonia,  NH,OH, 
^be  added  to  a  solution  of  this  salt,  then  the  ammonia  will  change 


11  mg  » 
The  I 
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imoDiiunBiiltvribhuiBllnli,  is  also  employed  far  this  parjiow,  Ammfmui 
■bo  prodDreK  n  well.kncnm  HlimiilHting  effwt  when  robbed  on  the  skin,  [or  which  reuon 
w  employed  for  ootwnrd  application ».  Tbne.  tor  inatttnoe,  the  well-known 
^la  Bftlie  IB  prepurnd  tmm  any  liquid  oil  shaken  ap  with  a  solution  of  unmonia.  A 
m  of  the  oil  i»  thus  truiBlonned  into  a  soapy  enbatuice.  The  Milnbilit;  of  grsaay 
inimnnia,  which  proceeds  from  the  tormaCion  both  of  Bmalaions  and  >o(ipa. 
B  in  extracting  grease  spots.  It  is  slio  employed  at  an  external  application 
Kjfir  stings  from  insects,  and  for  biles  from  poiaonaaa  snakes,  and  in  general  in  mediciDa. 
^"Il  la  also  remarkable  (bat  in  cases  of  dmnkennesB  BfewdiopBot  ammonia  in  water  taken 
tntemallj  rapidly  renders  a  perwin  sober.  A  large  quantity  of  anunonia  is  ased  In 
dyeing,  either  for  the  soluliun  of  certain  dyes— for  eiample.  carmine — or  for  changing 
the  tinta  of  others,  or  else  for  neotraliung  the  action  of  acids.  It  is  also  employed  in 
the  tnanuliwture  of  artificial  pearls.  For  this  purpose  the  small  scales  of  a  peculiar 
small  fish  are  mixed  with  anunonia,  and  the  liquid  so  obtained  is  blown  into  small  hollow 
glaas  beads,  shaped  like  pearls. 

Id  nature  and  the  arts,  howerer,  the  ammonium  salts,  not  free  ammonia,  are  most 
frequently  employed.  In  this  form  a  portion  of  that  nitrogen  which  is  necessary  for  the 
formation  of  albominoD*  enbstanfws  u  tupplicd  to  planta.  Owing  to  this,  a  large 
qnaotily  of  ammoniam  sulphate  Isnow  employed  as  a  fertilising  substance.  But  the  same 
part  may  be  falSlled  by  nitre,  or  by  animal  refuee,  which  in  putrefying  gives  ammonia. 
The  nitre  of  the  soil  is  formed  from  these  ammonia-giving  substances,  beciuse  nitrogen 
m  oombiuatlon  with  hydrogen  is  easily  conrerled  into  oxygen  compounds  of  nitrogen,  as 
tn  shall  afterwards  see.  For  this  reason,  if  an  anunoniacal  (hydrogen)  compound  be 
fntrodoced  into  the  soil  in  the  spring,  it  irill  be  eouTertad  into  a  nitrate  (oxygen  salt) 
in  (he  summer. 
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places  with  the  metal  M  and  thus  form  the  insoloble  ba«c  hydroxide, 
or,  as  it  »  said,  gire  a  precipitate.  The  laeehaaism  ol  this  doable 
fieoompoaitioQ  is  as  f oHows  :  — 

MX        +        yH,(OH>      =       XH,X       -h      MHO 

Skh  oi  cive  met«L         Aqueooa  Mnmnnm         Ammnaioxn  ^alt.         B«ibc  hytirate. 
In  <aolaUrm.  Ia  iiolaSion.  In  oolosion.  In  precxptfiAte. 

Tho-s  for  iDStaficev  if  aqneooj  ammonuk  is  added  to  a  solution  of  a 
salt  of  alaminiomr  AL  then  hjdroaa  alumina  is  separated  oat  as  a 
eoloarless  gelatinous  precipitate.^ 

In  order  to  grasp  the  relation  between  ammonia  and  the  oxygen 
Gompoanfb  of  nitrogen  it  is  necessary  to  recognise  the  general  law  of 
tnthwlilution^  applicable  to  all  cases  <rf  substitatioii  between  elements^^ 
and' therefore  showing  what  may  be  the  cases  of  sabstitation  between 
oxygen  and  hydrogen  as  component  parts  of  water.  The  law  of  sab- 
stitotion  may  be  deduced  from  mechanical  principles  if  the  moleeole  be 
conceived  as  a  system  of  elementary  atoms  occurring  in  a  certain 
chemical  and  mechanical  eqoilibrionu  By  likening  the  molecule  to  a 
system  of  bodies  in  a  state  of  motion — ^for  instance,  to  the  som  total  of 
the  snn,  planets,  and  satellites,  occurring  in  conditions  of  mobile  equi- 
libriam — then  we  should  expect  the  action  of  one  part,  in  this  system, 
to  be  eqaal  and  opposite  to  the  other,  according  to  Newton  s  third  law 
of  mechanics.  Hence,  being  given  a  ZK^ecule  of  a  compound,  for 
instance,  HjO,  NH3,  NaCl,  HCl,  Ac,  then  its  every  two  parts  must 
in  a  chemical  respect  represent  something  alike  in  force  and  capacities. 
and  therefore  fx^ry  two  parts  into  vrhich  a  molecule  of  a  compound  niay 
be  divided  are  capable  of  replacing  each  other.  In  order  that  the  appli- 
cation of  the  law  should  l)ecome  clear,  it  is  evident  that  among  com- 

"  Aa  cfrrtain  banic  bjdrateft  form  peculiar  oompoandft  with  ammonia,  in  so£a«  eases 
it  happen.H  that  the  fir<4t  prirtionA  of  ammonia  added  to  a  nolotion  of  a  »aX\  prodaces  a  pre- 
cipitate, whilHt  the  addition  of  a  fremh  quantity  of  ammonia  disMoIves  thi^s^  precipitate  if 
the  ammoniacal  compound  of  the  bane  be  soloble  in  water.  This,  for  example,  takes 
place  with  the  copper  Halt$i. 

**  When  the  element  chlorine,  ati  we  shall  afterwards  more  fully  learn,  replaces  the 
element  hydrr>gen,  then  the  reaction  by  which  Hoch  an  exchange  is  accomplished  pro- 
ceedfi  aH  a  Hnl^stitution,  AH  *  Cl^  -  ACl-t  HCl,  so  that  two  substances,  AH  and  chlorine, 
react  on  ^-ach  other,  and  two  substances,  ACl  and  HCl,  are  formed ;  and  further,  two 
molecules  n*act  on  ea<:h  other,  and  two  others  are  formed.  The  reaction  proceeds 
very  eanily,  but  the  sul^stitution  of  one  element,  A,  by  another,  A',  does  not  always  pro- 
ceed with  Huch  ea«e,  clearness,  or  simplicity.  The  substitution  between  oxygen  and 
hydroj^eii  in  v<.Ty  rarely  a(x:omplished  by  the  action  of  the  free  elements,  but  the  substi- 
tution l/*rt.w«!*?n  i\u'M:  elem#'nts,  one  for  another,  forms  the  most  common  case  of  oxidation 
and  rrjdnr.tion.  In  H|><;aking  of  the  law  of  substitution,  I  have  in  view  the  substitution 
of  the  i'U'.mt'uii^  fnw  by  another,  and  not  the  direct  reaction  of  substitution.  The  law 
of  substitution  fh;t«-rTninoH  the  cycle  of  the  combinations  of  a  given  element,  if  a  few  of 
ita  componnds  (for  inntance,  the  hydrogen  compocmds)  be  known. 
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pounds  the  most  stable  should  be  chosen.     We  will,  therefore,  take 
water  as  the  most  stable  compound  of  hydrogen  and  oxygen,^'*  in  order 
to  see  the  cases  of  substitution  between  hydrogen  and  oxygen  ;  but 
for  tlie  sake  of  clearness  we  will  start  by  taking  the  very  stable  mole- 
cule of  hydrochloric  acid,  HCl,  as  one  which  can  be  divided  into  H 
and  CI  only.     According  to  the  law  of  substitution,  if  these  elements 
are  able  to  form  a  molecule,  and  a  stable  one,  then  they  are  able  to 
replace  each  other.     And,  indeed,  we  shall  afterwards  see  that  in  a 
number  of  instances  a  substitution  between  hydrogen  and   chlorine 
conversely  takes  place.     Given  RH,  then  RCl   is   possible,   because 
HCl   exists  and   is  stable.     The   molecule   of   water,    HjO,  may   be 
divided  in  two  ways,  because  it  contains  3  atoms  :  into  H  and  (HO) 
on  the  one  hand,  and  into  Hj  and  O  on  the  other.     Consequently,  being 
given  RH,  its  substitution  products  will  be  R(HO)  according  to  the 
first  form,   and  R2O  according  to  the  second ;  being  given  RH2,  its 
corresponding  substitution  products  will  be  RH(OH),  R(0H)2,  RO, 
(RH).20,    &c.      The  group   (OH)   is   the   same  hydroxyl   or  aqueous 
radicle  which  we  have  already  mentioned  in  the  third  chapter  as  a 
component   part   of   hydroxides   and  alkalis — for   instance,  Na(OH), 
Ca(0H)2,  tfec.     It  is  evident,  judging  from  HCl,  that  (OH)  can  be 
substituted  by  CI,  because  both  are  replaceable  by  H;  and  this  is  of 
common  occurrence   in  chemistry,  because  metallic  chlorides — for  in- 
stance, NaCl  and  NH4Cl-=— correspond  with  hydroxides  of  the  alkalis 
Xa(OH)  or  NH4(0H).     In  hydrocarbons — for  instance,    CqHs — the 
hydrogen  is  replaceable  by  chlorine  and  by  hydroxyl.     Thus  common 
alcohol  is  CgHg,  in  which  one  atom  of  H  is  replaced  by  (OH) ;  that 
is,  C2H5(OH).     It  is  evident  that  the  replacement  of  hydrogen  by 
hydroxyl  essentially  forms  the  phenomenon  of  oxidation,  because  RH 
gives  R(OH),  or  RHO.      Hydrogen  peroxide  may  in  this  sense  be 
regarded  as  water  in  which  the  hydrogen  is  replaced  by  hydroxyl ; 
H(OH)  gives  (0H)2  or  H2O2.     For  this  reason  chlorine,  as  we  shall 
afterwards  see,  exhibits  in  its  reactions   much  analogy  to  hydrogen 
peroxide,   which  may  be  termed  free  hydroxyl.      The  other  form  of 
substitution — namely,  that  of  O  in  the  place  of  H2 — is  also  a  common 
chemical  plienomenon.     Thus  common  alcohol,  CjHgO,  or  C2H5(OH), 
when  oxidising  in  the   air,   gives,  as  every  one  knows,   acetic  acid, 
C2H4O2,  or  C2H30(OH),  in  which  H2  is  replaced  by  O. 


'*  If  hydrogen  i^eroxido  be  taken  a8  a  Htarting  point,  then  still  higlier  forms  of  oxi- 
dation than  those  correH]>ouding  with  water  should  be  looked  for.  They  should  possess 
tlie  projuTtics  of  hydrogen  peroxide,  especially  that  of  parting  with  their  oxygen  with 
♦'xtrenif*  ease  ((!ven  by  contact).  Such  compounds  are  known.  Pemitric,  persulphuric, 
und  Kiniihir  acids  present  these  properties,  as  we  shall  see  in  describing  them. 

VOL.  I.  a 
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In  the  further  course  of  this  work  we  shall  have  occasion  to  have 
recourse  to  the  law  of  substitution  for  explaining  many  chemical 
phenomena  and  relations. 

We  will  now  apply  these  conceptions  to  ammonia  or  nitrogen 
hydride  in  order  to  see  its  relation  to  the  oxygen  compounds  of 
nitrogen.  It  is  evident  that  many  substances  may  proceed  from 
ammonia,  NH3,  or  aqueous  ammonia,  NH4(0H),  from  the  substitution 
•of  their  hydrogen  by  hydroxyl,  or  of  Hj  by  oxygen.  And  such  is  the 
case.  The  two  extreme  cases  of  such  substitution  will  be  as  follows  : 
(1)  One  atom  of  H  in  NH.,  is  substituted  by  (OH),  and  NH2(0H)  is 
produced.  Such  a  substance,  still  containing  much  hydrogen,  should 
have  many  of  the  properties  of  ammonia.  It  is  known  under  the 
name  of  hydroxylamine,'^^  and,  in  fact,  it  is  capable,  like  ammonia, 

•*  The  compound  of  hydroxylamine  with  hydrochloric  acid  has  the  composition 
NH4CIO — that  is,  it  is  as  it  were  oxidised  sal-ammoniac.  It  was  prepared  by  Lossen  in 
1865  by  the  action  of  tin  and  hydrochloric  acid  in  the  presence  of  water  on  a  substance 
called  ethyl  nitrate,  in  which  case  the  hydrogen  liberated  from  the  hydrochloric  acid  by 
the  tin  acts  upon  the  elements  of  nitric  acid — 

C^HiNOj  +  OH     +     HCl     =         NH4OCI  ^  H.O   -r    C.Hs  OH 

Ethyl  nitrate.        Hydrogen  from  Hydroxylamine  +  HCl.  Water.        Alcohol. 

HCl  and  Sn. 

Thus  in  this  case  the  nitric  acid  is  deoxidised,  not  directly  into  nitrogen,  but  into 
hydroxylamiue.  Hydroxylamine  is  also  formed  by  passing  nitric  oxide,  NO,  into  a 
mixture  of  tin  and  hydrochloric  acid — that  is,  by  the  action  of  the  hydrogen  evolved  on 
the  nitric  oxide:  NO  +  8H  +  HCl  =  NH40Cl — and  in  many  other  cases.  According  to 
Lossen's  method,  a  mixture  of  80  parts  of  ethyl  nitrate,  120  parts  of  tin,  and  40  parts  of  a 
Bolution  of  liydrocliloric  acid  of  sp.  gr.  1*06  are  taken.  The  reaction  proceeds  of  its  own 
accord  after  the  lapse  of  a  certain  time.  When  the  reaction  ceases  the  tin  is  separated 
by  means  of  hydrogen  sulphide,  the  solution  is  evaporated,  and  a  large  amount  of  sal- 
ammoniac  is  thus  obtained  (owing  to  the  further  action  of  hydrogen  on  the  hydroxyl- 
amine compound,  the  hydrogen  taking  up  oxygen  from  it  and  forming  water) ;  a  solution 
ultimately  remains  containing  the  hydroxylamine  salt ;  this  salt  is  dissolved  in  anhydrous 
alcohol  and  purified  by  the  addition  of  platinum  chloride,  which  precipitates  any  am- 
monium salt  still  remaining  in  the  solution.  After  concentrating  the  alcoholic  solution  the 
hydroxylamine  hydrochloride  separates  in  crystals.  This  substance  melts  at  about  150^, 
and  in  so  doing  decomposes  into  nitrogen,  hydrogen  chloride,  water,  and  sal-ammoniac. 
A  sulphuric  acid  compound  of  hydroxylamine  may  be  obtained  by  mixing  a  solution  of 
the  above  salt  with  sulphuric  acid.  This  substance  is  also  soluble  in  water  like  tlie 
hydrochloride ;  this  shows  that  hydroxylamine,  like  ammonia  itself,  forms  a  series  of 
salts  in  which  one  acid  may  be  substituted  for  another.  It  might  be  expected  thnt  by 
mixing  a  strong  solution  of  a  hydroxylamine  salt  with  a  solution  of  a  caustic  alkali 
hydroxylamine  itself  would  be  liberated,  just  as  an  ammonia  salt  under  these  circum- 
stances evolves  ammonia ;  but  the  liberated  hydroxylamine  is  immediately  deconii>osed 
with  the  formation  of  nitrogen  and  ammonia  (and  probably  nitrous  oxide),  .SNH-0=^ 
NHj-f  8H0O  +  N.J.  Dilute  solutions  give  the  same  reaction,  although  ven'  slowly,  but  by 
decomposing  a  solution  of  the  sulphate  with  barium  hydroxide  a  certain  amount  of 
hydroxylamine  is  obtained  in  solution  ;  this,  however,  cannot  be  separated  from  the  sr)lu- 
tion,  either  by  heating  or  evaporation,  without  decomposition.  The  addition  of  an  acid 
to  such  a  solution  again  gives  a  salt  of  hydroxylamine.   Hydroxylamine  in  aqueous  solu- 
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:  giving  satts   witb    acids ;   for  example,    with    li^drochloric    acid, 

NH3(0H)C1 — which  is  a  substance  cur  responding  with  sal-iimmoniac, 

Ein  which  one  atom  of  hydrogen  ih  replaceil  by  hydroxy!.    (2)  Tlie  other 

l«ctreme  cose  of  substitution  given  byBmmoniuni  hydroxide,  NH,(OH), 

I  ia  when  the  whole  of  the  hydi'oj^n  of  the  animoiiium  is  replaced  by 

Eozygen  ;  and  ns  aramonium  contains  4  atoms  of  hydrogen,  the  highest 

B-iiOxygen  compound  should   be  NOj(OH),  or  NHO,,  as  we  find  to  be 

siUy  the  case,  because  NHO,  is  nitric  acid,  or  the  highest  degree 

of  the  Dnidatioii  of  nitrogen."'     If  instead  of  the  two  extreme  aspects 

of  substitution  we  take  an   iiiteiinediate   one,  then  we  obtain   one 

of  the  intermediate  oxygen  comptiunds  of  nitrogen.      For  instance, 

N(OH);,  is  orthunitroua  acid,*'  with  which  corresponds  niti-ous  acid, 

LiJO{OH),  or  NHO,,  equal  to  N(OH),  -H,0,  and  nitrous  anhydride 

^J*NjOj  =  2N(OH)3 -3HjO.     Thus  nitrogen  gives  a  series  of  oxygen 

tinn,  like  uniDcuiU.  praoi|>iCates  bMie  hjrdnteg,  lUii)  it  deoxidimH  the  uiidiia  ol  ooiipar, 
■liver,  and  otber  metolB.  Hjdnnyliuuine  !■  obtaiiiad,  in  ■  great  niuuber  of  eiiHa,  (or 
iiutuice,  by  the  action  ol  tin  on  dilute  nitric  acid,  and  also  b;  the  action  ol  tine  on  ethyl 
nibrate  luid  dilute  hydrochloric  acid,  Ac.  The  relation  between  hydroiyUmiiie, 
NH^OH),  uid  Ditroau  acid,  NO|OH),  vhich  ie  «  dear  in  the  wnxo  of  the  lav  of  rabati- 
tutiona,  becomeR  a  reality  in  those  cftua  whan  reducing  o^ntH  act  on  stltB  ot  nitToos 
acii].  Thuu  tUschig  (IHStH)  propooed  the  foUoving  method  tor  the  pteparation  of  the 
hydroiylamine  Hulgiliate.  A  nuituro  olitTongsolutioDB  of  potasBiamnitrile,  KNO],  aiid 
hydroxide,  KHO,  in  ntoleealar  propoitiona,  is  prepared  and  cooled.  An  eiceae  of  aul- 
phnrouH  anhydride  ie  then  passed  into  the  miitme,  and  the  solution  bailed  lor  a  long 
time.  A  miitare  of  the  sulphates  of  potussinm  and  hydroiylainiue  is  thui  obtained  : 
KN05  +  KH0TaSO.,  +  aH-,O  =  NH.,(0H),H5a0j  +  K,SO4.  The  mUh  may  be  wpaiHted 
och  other  by  CFyfetaUiBa.tion. 

With  respect  to  Bubstanoea  iutormediato  between  NHj  and  tlie  oiidea  ol  nitrogen,  we 
ention  to  hypenitrons  acid,  NHO,  nnd  amidogen,  which  are  mentioned 
'  in  Note  (17. 

"  Nitric  KCidcorrespondBwiththeanhydrideNjOj,  which  will  altorwards  be  deacribed, 
but  whirh  muHbb«  regarded  an  thehigbcBt  saline  oxide  of  nitrogen,  juataeNajOland  the 
liydniiide  NaUO)in  the  case  of  lodinm.  nlthongh  sodiom  forme  aperoiidepoaBOHsingthe 
|iraperty  of  parting  with  its  oxygen  witli  the  wune  ease  an  hydrogen  perotide,  if  not  on 
iieatlng,  at  all  events  in  reactions— lor  inatonue.  with  acids.  So  also  nitric  acid  has  its 
cnrrespondiug  peroxide,  which  mny  he  colled  peniitric  Hnd.  Its  compositiou  is  not  well 
known— probably  NHO,— so  that  its  rorresponding  anhydride  would  be  N.jO,.  It  in 
farmed  by  the  action  ol  a  sileut  diaoliorge  on  a  mixture  of  nitrogen  and  oxygen,  so  that 
a  portion  of  its  oxygen  is  in  ■  state  limllar  to  that  in  ozone.  The  instability  of  this  sub- 
stance (oblAined  by  Hiutefeuille,  Chappuis,  and  Berthelot),  which  ewil;  splits  ap  with 
the  formation  of  nitric  peroxide,  and  its  resemblance  to  pemulphnric  acid,  which  we  shaU 
afterwards  describe,  will  permil  out  passing  over  the  consideration  ol  the  little  that  i« 
further  known  cDuoaming  it. 

"  Phosphorus,  OS  we  shall  afterwards  find,  gires  the  hydride  VH^,  corresponding 
with  ammonia,  NH.^,  and  formH  phospliorons  acid,  PUjO^,  which  is  analogous  to  nitrons 
acid,  just  as  phosphoric  acid  is  la  nitric  acid  ;  hot  phoaphoric  (or,  better,  orthophosphoric) 
acid,  PHjO,,  iH  oble  to  lose  water  and  gire  pyro-  and  meta-phosphoric  acids.     The  latter 

Iinequol  to  the  ortho-acid  ininoH  water-  PHOj,  and  therefore  nitric  acid,  NBOi,  is  really 
Bwta-nitiic  odd.  So  also  nitrons  acid,  HNO^  is  meto-nitrous  tanhydraus)  acid,  and  than 
flu  oitho-aoid  is  NUiOj-NlOH),. 


B  wi( 
^Lvuutt 
~  in  Not 
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compounds,  which  we  will  proceed  to  describe.  Only  let  us  first  show 
that  tlie  passage  of  ammonia  into  the  oxygen  compounds  of  nitrogen 
up  to  nitric  acid,  as  well  as  the  converse  preparation  of  ammonia 
from  nitric  acid,  are  reactions  which  proceed  directly  and  easily  under 
many  circumstances.  In  nature  the  matter  is  complicated  by  a 
number  of  influences  and  circumstances,  but  in  the  law  the  rela- 
tions are  presented  in  their  simplest  aspect.  The  bond  between  this 
simplicity  of  laws  and  this  complexity  of  phenomena  forms  the  essence 
of  a  scientific  understanding  of  things. 

It  is  easy  to  prove  the  possibility  of  the  oxidation  of  ammonia  into 
nitric  acid  by  passing  a  mixture  of  ammonia  and  air  over  heated 
spongy  platinum.  This  causes  the  oxidation  of  the  ammonia,  nitric 
acid  being  formed,  which  partially  combines  with  the  excess  of 
ammonia. 

The  converse  passage  of  nitric  acid  into  ammonia  is  accomplished 
by  the  action  of  hydrogen  at  the  moment  of  its  evolution.^®  Thus 
metallic  aluminium,  evolving  hydrogen  from  caustic  soda,  is  able  to 
completely  convert  nitric  acid  added  to  the  mixture  (really  as  a  salt, 
because  the  alkali  gives  a  salt  with  the  nitric  acid)  into  ammonia, 
NHO3  4-  8H=NH3  4-  3H2O. 

The  compounds  of  nitrogen  with  oxygen  present  an  excellent 
example  of  the  law  of  multiple  proportions,  because  they  contain  for  1 4 
parts  by  weight  of  nitrogen  8,  16,  24,  32,  and  40  parts,  respectively,  by 
weight  of  oxygen.    The  composition  of  these  compounds  is  as  follows : — 

N2O,  nitrous  oxide  ;  hydrate  NHO. 
N2O2,  nitric  oxide,  NO. 
N2O3,  nitrous  anhydride  ;  hydrate  NHO2. 
N2O4,  peroxide  of  nitrogen,  NOj. 
N2O5,  nitric  anhydride  ;  hydrate  NHO3. 

Of  these  compounds,-^  nitrous  and  nitric  oxides,  peroxide  of  nitrogen, 
and  nitric  acid,  NHO3,  are  characterised  as  being  the  most  stable.  The 
lower  oxides,  when  coming  into  contact  with  the  higher,  may  give  the 
irUermediate  forms  ;  for  instance,  NO  and  NO2  form  N2O3,  and  the 
intermediate  oxides  may,  in  splitting  up,  give  a  higher  and  lower  oxide. 

*8  The  formation  of  ammonia  is  remarked  in  many  cases  of  oxidation  by  means  of 
nitric  acid.  This  substance  is  even  formed  in  the  action  of  nitric  acid  on  tin,  especially 
if  dilute  acid  be  employed  in  the  cold.  A  still  more  considerable  amount  of  ammonia  is 
obtained  if,  in  the  action  of  nitric  acid,  there  are  conditions  directly  tending  to  the  evolu- 
tion of  hydrogen,  which  then  reduces  the  acid  to  ammonia ;  for  instance,  in  the  action 
of  zinc  on  a  mixture  of  nitric  and  sulphuric  acids. 

*•  According  to  the  determinations  of  Favre,  Thomsen,  and  moreesiKJcially  of  Borthelot, 
on  thennochemical  data,  it  follows  that  in  the  formation  of  such  quantities  of  the  oxides 
of  nitrogen  as  express  their  formulee,  if  gaseous  nitrogen  and  oxygen  be  taken  as  the 
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So  N2O4  gives  N2O3  and  N2O5,  or,  in  the  presence  of  water,  their 
hydrates. 

We  have  already  seen  that,  under  certain  conditions,  nitrogen 
combines  with  oxygen,  and  we  know  that  ammonia  may  be  oxidised. 
In  these  cases  various  oxidation  products  of  nitrogen  are  formed,  but 
in  the  presence  of  water  and  an  excess  of  oxygen  they  always  give 
nitric  acid.  Nitric  acid,  as  corresponding  with  the  highest  oxide,  is 
able,  in  deoxidising,  to  give  the  lower  oxides,  and  for  this  reason  we 
will  begin  with  it. 

Nitric  acidj  NHO3,  is  likewise  known  as  aqua  fortis.  In  a  free 
state  it  is  only  met  with  in  nature  in  small  quantities,  in  the  air  and 
rain-water  after  storms  ;  but  even  in  the  atmosphere  nitric  acid  does 
not  long  remain  free,  but  combines  with  ammonia,  traces  of  which  are 
always  found  in  air.  On  falling  on  the  soil  and  into  running  water^ 
ifec,  the  nitric  acid  everywhere  comes  into  contact  with  bases  (or  their 
carbonates),  which  easily  act  on  it,  and  therefore  it  is  converted  into  the 
nitrates  of  these  bases.  Ammonia  and  other  compounds  of  nitrogen, 
if  oxidised  in  the  soil,  are  always  in  the  presence  of  bases,  and  there- 
fore also  give  salts  of  nitric  acid,  and  not  the  free  acid  itself.  Hence 
nitric  acid  is  always  met  with  in  the  form  of  salts  in  nature.  These 
salts  are  called  nitres.  This  name  is  derived  from  the  Latin  sal  nitri. 
The  potassium  salt  KNO3  is  common  nitre,  and  the  sodium  salt  NaNOs 
Chili  saltpetre,  or  cubic  nitre.  Nitres  are  formed  when  a  nitrogenous 
substance  is  slowly  oxidised  in  the  presence  of  an  alkali  by  means 
of  the  oxygen  of  the  atmosphere.  In  nature  there  are  very  fre- 
quent instances  of  such  oxidation.     For  this  reason,  certain  soils  and 

starting  points,  and  if  the  compounds  formed  be  also  gaseous,  the  following  amounts 
of  heat,  expressed  in  thousands  of  heat  units,  are  absorbed  (Iience  a  minus  sign) : — 


N.p            N2O2 

N,05 

N,04 

N2O5 

-21             -48 

-22 

-5 

-1 

-22             +21 

+  17 

+  4 

The  difference  is  given  in  the  lower  line.  For  example,  if  N.^,  or  28  grams  of  nitrogen, 
combine  with  O — that  is,  with  16  grams  of  oxygen — then  21000  units  of  heat  are  absorbed, 
or  Bufticient  heat  is  assimilated  to  heat  21000  grams  of  water  through  \°.  Naturally, 
direct  obHcrrations  are  impossible  in  this  case ;  but  if  charcoal,  phosphorus,  or  similar 
substances,  are  burnt  both  in  nitrous  oxide  and  in  oxygen,  and  the  heat  evolved  is  observed 
in  botli  cases,  then  the  difference  (more  heat  will  be  evolved  in  burning  in  nitrous  oxide) 
gives  the  figures  required.  If,  then,  N.^O^,  by  combining  with  0.>,  gives  N.JO4,  then,  as  is 
seen  from  the  table,  heat  should  be  developed,  namely  88000  units  of  heat,  or  NO  +  O  ■■ 
IIKKK)  units  of  heat.  The  diflferences  given  in  the  table  show  that  the  maximum  absorp- 
tion of  ht'iit  corresponds  with  nitric  oxide,  and  that  the  higher  oxides  are  formed  from  it 
with  evohition  of  heat.  If  liquid  nitric  acid,  NHO3,  were  decomposed  into  N  +  O3  +  H, 
then  41000  hoat  units  would  be  required  ;  that  is,  an  evolution  of  heat  takes  place  in  its 
fornmtion  from  the  gases.  It  should  be  observed  that  the  formation  of  ammonia,  NH5, 
from  the  gases  N  +  H5  evolves  12*2  thousand  heat  units. 
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rubbish  heaps — for  instunce,  lime  rubbish  (in  tlie  preseace  of  a  base — 
lime) — contain  a  more  or  less  considerable  amount  of  nitra.  One 
of  these  nitres — the  sodium  nitrftte^ia  extracted  from  the  earth  in 
large  quantities  in  Chili,  where  it  was  probably  formed  by  the  oxida- 
tion of  animal  refuse.  This  kind  of  nitre  is  employed  in  practice  for 
the  manufacture  of  nitric  acid  and  the  other  oxygen  compounds  of 
nitrogen.  Nitrii:  acid  is  obtained  from  Chili  saltpetre  by  heating  it 
with  sulphuric  aci'l.  The  hydrogen  of  the  sulphuric  acid  replaces  the 
sodium  it)  the  nitre.  The  sulphuric  add  then  forma  either  an  acid  salt, 
NaHSO,,ora  normal  salt,  Na;;SOj,  while  nitric  acid  is  formed  from  the 
nitre  and  is  volatilised.  The  decomposition  is  expressed  by  the  equations  : 
(1)  NaN03+H5SO,=HN03  +  NaHSO^,  if  the  acid  salt  be  formed, 
and  (2)  2NaNO,  +  Hj8O^=Na,S0^  +  2HNO,,  if  the  normal  sodium 
sulphate  is  formed.  With  an  excess  of  sulphuric  acid,  and  at  a 
moderate  heat,  and  at  the  commencement  of  the  reaction,  the 
decomposition  proceeds  according  to  the  first  equation ;  and  im 
further  heating  with  a  sufficient  amount  of  nitre,  according  to  the 
second,  because  the  acid  salt  NaHSO^  itself  acts  like  an  acid  (its 
hydrogen  being  replaceable  as  in  acids),  according  to  the  equatiim 
NaNOa  +  NaHSO^ =Na.jSO,  +  HNOj. 

The  sulphuric  acid,  as  it  is  said,  here  displaces  the  nitric  acid  from 
its  conipound  with  the  base.  This  not  unfrequently  gives  rise  to  the 
supposition  that  sulphuric  acid  has  a  particularly  high  degree  of  atlinity 
or  energy  as  compared  with  nitric  acid,  but,  as  we  shall  afterwards 
see,  the  idea  of  a  relative  aSinity  in  acids  and  in  hases  is,  in  many 
instances,  untrustworthy  ;  it  should  not  be  had  recourse  to  so  long 
as  it  be  possible  to  explain  a  phenomenon  without  its  introduc' 
tion,  inasmuch  as  the  degree  of  ulHnity  cannot  be  me^isured.  The 
action  of  the  sulphuric  acid  can  be  explained  by  the  fact  that  the 
nitric  acid  formed  is  volatile.  Nitric  acid  alone,  of  all  the  sub- 
stances taking  part  in  the  reaction,  is  capable  of  being  converted  into 
vapour  (at  the  temperature  employed),  and  it  alone  volatilises ;  the 
remaining  substances  are  not  volatile,  or,  more  strictly  speaking,  are 
very  slightly  volatile.  If  we  suppose  that  the  sulphuric  acid  is  able  to 
set  free  even  only  a  small  quantity  of  nitric  acid  from  its  salt,  it  is 
sufficient  for  explaining  eventually  the  complete  decomposition  of  the 
nitre  by  the  sulphuric  acid,  because,  once  the  nitric  acid  is  separated, 
it  is,  on  heating,  converted  into  vapour,  and  pnases  from  the  sphere 
of  action  of  the  remaining  substances  ;  the  free  sulphuric  acid  then 
again  seta  free  a  fresh  small  quantity  of  :iitric  acid,  and  so  on  until  the 
nitric  acid  is  completely  displaced  from  the  nitre.  It  is  evident  that, 
according  to  this  explanation,  it  is  necessary  that  the  sulphuric  acid 
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should  Iw  in  excess  (although  but  Biiiall)  to  the  end  of  the  reaction. 
According  to  the  equation  expressing  the  reaction,  it  is  required  that 
there  should  be  98  parte  of  sulphuric  acid  to  85  parta  of  sodium 
nitrate  ;  but  if  these  quantities  be  taken,  the  nitric  acid  is  not  entirely 
diaplaoed  by  the  sulphuric  acid.  It  is  necessary  that  an  excess  of  the 
latter  should  be  taken  ;  generally,  80  parts  of  nitre  are  taken  t;0 
98  parts  of  sulphuric  acid,  and  therefore  a  portion  of  the  sulphuric 
acid  I'emiiins  in  a  free  state  to  the  end  of  the  reaction.  Thus,  in 
the  reaction  of  sulphuric  acid  on  nitre  there  is  formed  a  non-volatile 
salt  of  sulphuric  acid,  which  remains,  togetlier  with  an  excess  of  this 
acid,  in  the  distilling  apparatus,  and   nitric  acid,  which  is  converted 
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into  vapour,  and  may  be  condensed,  because  it  is  a  liquid  and  volatile 
substance.  Oti  a  small  scale,  this  reaction  may  be  carried  on  in  a  glass 
retort  with  a,  glass  condenser.  On  a  Urge  scale,  in  chemical  works,  the 
process  is  exactly  similar,  only  iron  retorts  are  employed  for  holding 
the  mixture  of  nitre  and  sulphuric  acid,  and  earthenware  three-necked 
bottles  are  used  instead  of  a  condenser,-'"  as  sliuwii  in  tig.  4T. 
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Nitric  acid  so  obtained  always  contains  water.  It  is  extremely 
diflScult  to  deprive  it  of  all  the  admixed  water  without  destroying  a 
portion  of  the  acid  itself  and  partially  converting  it  into  lower  oxides, 
because  without  the  presence  of  an  excess  of  water  it  is  very  unstable. 
When  rapidly  distilled  a  portion  is  decomposed,  and  there  are  obtained 
free  oxygen  and  lower  oxides  of  nitrogen,  which,  together  with  the 
water,  remain  in  solution  with  the  nitric  acid.  Therefore  it  is  neces- 
sary to  work  with  great  care  in  order  to  obtain  a  pure  hydrate  of  nitric 
acid,  HNO3,  and  especially  to  mix  the  nitric  acid  obtained  from  nitre, 
as  above  described,  with  sulphuric  acid,  which  takes  up  the  water,  and 
to  distil  it  at  the  lowest  possible  temperature — that  is,  by  placing  the 
retort  holding  the  mixture  in  a  water  or  oil  bath  and  carefully  heating 

Nevertheless,  both  sulphuric  and  nitric  acids  evince  a  certain  action  on  cast  iron,  and 
therefore  the  acid  obtained  will  contain  traces  of  iron.     In  practice  sodium  nitrate  (Chili 
saltpetre)  is  usually  employed  because  it  is  cheaper,  but  in  the  laboratory  it  is  best  to 
take  potassium  nitrate,  because  it  is  purer  and  does  not  froth  up  so  much  as  sodium 
nitrate  when  heated  with  sulphuric  acid.     In  the  action  of  an  excess  of  sulphuric  acid  on 
nitre  and  nitric  acid  a  portion  of  the  latter  is  decomposed,  forming  lower  oxides  of 
nitrogen,  which  are  dissolved  in  the  nitric  acid.    A  portion  of  the  sulphuric  acid  itself  is 
&1bo  carried  over  as  spray  by  the  vapours  of  the  nitric  acid.     Hence  sulphuric  acid  occurs 
as  an  impurity  in  commercial  nitric  acid.     A  certain  amount  of  hydrochloric  acid  will 
also  be  found  to  be  present  in  it,  because  sodium  chloride  is  generally  found  as  an  im- 
purity in  nitre,  and  under  the  action  of  sulphuric  acid  it  forms  hydrochloric  acid.     Com- 
mercial acid  further  contains  a  considerable  excess  of  water  above  that  necessary  for  the 
formation  of  the  hydrate,  because  water  is  first  poured  into  the  earthenware  vessels 
employed  for  condensing  the  nitric  acid  in  order  to  facilitate  its  cooling  and  condensation. 
Further,  the  acid  of  composition  HNO5  decomposes  with  great  ease,  with  the  evolution 
of  oxides  of  nitrogen.     Thus  the  commercial  acid  contains  a  great  number  of  impurities. 
Generally  its  specific  gravity  is  1*38  (86°  Baume),  and  it  contains  58  p.c.  of  nitric  acid. 
The  acid  employed  in  medicine  and  in  the  laboratory  contains  one-third  of  nitric  acid  and 
two-thirds  of  water,  and  its  specific  gravity  is  1'2.     The  commercial  acid  is  often  purified 
in  the  following  manner  : — Lead  nitrate  is  first  added  to  the  acid  because  it  forms  non- 
volatile  and   almost   insoluble   (precipitated)  substances  with  the  free  sulphuric  and 
hydrochloric   acids,  and  liberates  nitric   acid  in  so  doing,  according  to  the  equations 
Pb(N05).2  +  2HCl  =  PbCl2  +  2NH03    and    Pb(N05).2  +  H2S04  =  PbS04  +  2NHO:..      Potas- 
sium chromate  is  then  added  to  the  impure  nitric  acid,   by  which  means  oxygen    is 
liberated   from   the  chromic  acid,   and  this  oxygen,  at   the  moment   of   its  evolution, 
oxidises  the  lower  oxides  of  nitrogen  and  converts  them  into  nitric  acid.     A  pure  nitric 
acid,  containing  no  impurities  other  than  water,  may  be  then   obtained   by   distilling 
the  acid,  manipulated  as  above  described,  with  care,  and  particularly  if  only  the  middle 
portions  of  the  distillate  are  collected.     Such  acid  should  give  no  precipitate,  either 
with  a  solution  of  barium  cliloride  (a  precipitate  shows  the  presence  of  suli^huric  acid) 
or  with  a  solution  of  silver  nitrate  (a  precipitate  shows  the  presence  of  hydrochloric 
acid),  nor  should   it,  after  being  diluted  with  water,  give  a  coloration  with  starch  con- 
taining potassium  iodide  (a  coloration  shows  the  admixture  of  other  oxides  of  nitrogen). 
The  oxides  of  nitrogen  may  be  most  easily  removed  from  impure  nitric  acid  by  heat- 
ing for  a  certain  time  with  a  small  quantity  of  pure  charcoal.     By  the  action  of  nitric 
acid  on  the  charcoal  carbonic  anhydride  is  evolved,  which  carries  off  the   NO,  NO.., 
and  other  volatile  substances.     On  redistilling,  pure  acid  is  obtained.     The  oxides  of 
nitrogen  occurring  in  solution  may  also  be  removed  by  passing  air  through  the  nitric 
acid. 
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it.  The  first  portion  of  the  nitric  acid  thus  distilled  boils  at  86°,  has  a 
specific  gravity  at  15°  of  1-526,  and  solidifies  at  —50°  ;  it  is  very 
unstable  at  higher  temperatures.  This  is  the  normal  hydrate,  HNO3, 
which  corresponds  with  the  salts,  NMO3,  of  nitric  acid.  When  diluted 
with  water  nitric  acid  presents  a  higher  boiling  point,  not  only  as 
compared  with  that  of  the  nitric  acid  itself,  but  also  with  that  of  water ; 
so  that,  if  very  dilute  nitric  acid  be  distilled,  the  first  portions  passing 
over  will  consist  of  almost  pure  water,  until  the  boiling  point  in  the 
vapours  reaches  121°.  At  this  temperature  a  compound  of  nitric  acid 
with  water,  containing  about  70  p.c.  of  nitric  acid,^^  distils  over ;  its 
specific  gravity  at  15°  =  1*521.  If  the  solution  contain  less  than 
25  p.c.  of  water,  then,  the  specific  gravity  of  the  solution  being  above 
1-44,  HNO3  evaporates  off"  and  fumes  in  the  air,  forming  the  above 
hydrate,  whose  vapour  tension  is  less  than  that  of  water.  Such  solu- 
tions form  fuming  nitric  acid.  On  distilling  it  gives  monohydrated 
acid,^^  HNO3  ;  it  is  a  hydrate  boiling  at  121°,  so  that  it  is  obtained 
from  both  weak  and  strong  solutions.  Fuming  nitric  acid,  under  the 
action  not  only  of  organic  substances,  but  even  of  heat,  loses  a  portion 

■'1  Dalton,  Smith,  Bineau,  and  otherH  considered  that  the  hydrate  of  constant  boiling 
point  (see  Chapter  I.  Note  60)  for  nitric  acid  was  the  compound  2HN03,8H.20,  but  Rosooe 
showed  that  its  composition  changes  with  a  variation  of  the  pressure  and  temperature 
under  which  the  distillation  proceeds.  Thus,  at  a  pressure  of  1  atmosphere  the  solution 
of  constant  boihng  point  contains  68*6  p.c,  and  at  one-tenth  atmosphere  66*8  p.c. 
Judging  from  what  has  been  said  concerning  solutions  of  hydrochloric  acid,  and  from  the 
variation  of  specific  gravity,  I  think  that  the  comparatively  large  decrease  of  the 
tensions  of  the  vapours  depends  on  the  formation  of  a  hydrate,  NH05,2H.^O  (a68'6  p.c). 
Such  a  hydrate  may  be  expressed  by  N(H0)5,  that  is  as  NH4(HO)  in  which  all  the 
equivalents  of  hydrogen  are  replaced  by  hydroxyl.  The  constant  boiling  point  will 
then  be  the  temperature  of  the  decomposition  of  this  hydrate. 

Besides  which,  judging  by  the  variation  of  the  specific  gravity  (see  my  work  cited  in 
Chapter  I.  Note  29),  at  least  one  more  hydrate,  NHOj.SH.^  («41-2  p.c.  HNO5),  must  be 
acknowledged.  Starting  from  water  {p  «  0)  to  this  hydrate,  the  specific  gravities  of  the 
solutions  at  15^  is  well  expressed  by  »  =  9992  +  57-4/>  +  0.  16p',  if  water  =  10000  at  4°. 
For  example,  whenjt>  =  80  p.c,  «  =  11860.  For  more  concentrated  solutions,  at  least,  the 
above-mentioned  hydrate,  HN03,2H.^O,  must  be  taken,  up  to  which  the  specific  gravity 
«  =  9570  +  H4"l8j[>  — 0'240/?';  but  perhaps  (the  results  of  observations  of  the  specific  gravity 
of  the  solutions  are  not  in  sufficient  agreement  to  make  a  decision)  the  hydrate 
HN03,IiH.,.0  should  be  recognised,  as  is  indicated  by  many  nitrates  (Al,  Mg,  Co.,  &c), 
which  crystallise  with  this  amount  of  water  of  crystallisation.  From  HNOs/iHaO  to 
HNO5  the  specific  gravity  of  the  solutions  (at  15°)  «  =  10652 -I- 6208/^-0160/)='.  The 
ixjntahydrated  hydrate  is  recognised  by  Berthelot  on  the  basis  of  the  thermo-chemical 
data  for  Kolutions  of  nitric  acid,  because  on  approaching  to  this  composition  there  is  a 
rapid  change  in  the  amount  of  heat  evolved  by  mixing  nitric  acid  with  water.  This 
hydrate  solidifies  at  about  — 19' .  One  would  think  that  a  more  detailed  study  of  the 
reactions  of  hydrated  nitric  acid  would  show  the  existence  of  change  in  the  process  and 
rapidity  of  reaction  in  approaching  these  hydrates. 

^^  The  normal  hydrate  HNO5,  corresiH)nding  with  the  ordinary  salts,  may  be  termed 
the  nioiioliydrutfd  acid,  because  the  anhydride  N.^Os  with  water  forms  this  normal  nitric 
ivcid.     In  this  sense  the  hydrate  HN05,2H.^O  is  the  ^lentahydrated  acid. 
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of  its  oxygen,  forming  lower  oxides  of  nitrogen,  which  impart  a  red- 
broum  colour  to  it ;  ^^  the  pure  acid  is  colourless. 

Nitric  acid,  as  an  cu:id  hydrate j  enters  into  reactions  of  double 
decomposition  with  bases,  basic  hydrates  (alkalis),  and  with  salts.  In 
all  these  cases  a  salt  of  nitric  acid  is  obtained.  An  alkali  and  nitric 
acid  give  water  and  a  salt ;  so,  also,  a  basic  oxide  with  nitric  acid 
gives  a  salt  and  water;  for  instance,  KHO-f HNOassKNOg  +  HaO, 
or  with  lime,  CaO-f  2HN03=Ca(N03)2-f  H2O.  Many  of  these  salts 
are  termed  nitres.**  The  composition  of  the  ordinary  salts  of  nitric 
acid  may  be  expressed  by  the  general  formula  M(N03)„,  where  M 
indicates  a  metal  replacing  the  hydrogen  in  one  or  several  (n)  equiva- 
lents of  nitric  acid.  We  shall  find  afterwards  that  the  atoms  M  of 
metals  are  equivalent  to  one  (K,  Na,  Ag)  atom  of  hydrogen,  or  two 
(Ca,  Mg,  Ba),  or  three  (Al,  In),  or,  in  general,  7^  atoms  of  hydrogen. 
The  salts  of  nitric  acid  are  especially  characterised  by  being  all 
aolvhle  in  tvater,^-^      From  the   property   common  to  all   these   salts 

"  For  technical  and  laboratory  purposes  recourse  is  frequently  had  to  red  fuminy 
nitric  acid — that  is,  the  normal  nitric  acid,  HNO5,  containing  lower  oxides  of  nitrogen  in 
solution.  This  acid  is  prepared  by  decomposing  nitre  with  half  its  weight  of  strong  sul- 
phuric acid,  or  by  distilling  nitric  acid  with  an  excess  of  sulphuric  acid.  The  normal 
nitric  acid  is  first  obtained,  but  it  partially  decomposes,  and  gives  the  lower  oxidation 
products  of  nitrogen,  which  are  dissolved  by  the  nitric  acid,  to  which  they  impart  its 
usual  pale-brown  or  reddish  colour.  This  acid  fumes  in  the  air,  from  which  it  attracts 
moisture,  forming  a  less  volatile  hydrate.  If  carbonic  anhydride  be  passed  through  the 
red-brown  fuming  nitric  acid  for  a  long  period  of  time,  especially  if  with  the  aid  of 
moderate  heat,  it  expels  all  the  lower  oxides,  and  leaves  a  colourless  acid  free  from  these 
oxides.  It  is  necessary,  in  the  preparation  of  the  red  acid,  that  the  receivers  should  be 
kept  quite  cool,  because  it  is  only  when  cold  that  nitric  acid  is  able  to  dissolve  a  large 
proportion  of  the  oxides  of  nitrogen.  The  strong  red  fuming  acid  has  a  specific  gravity 
1*56  at  20°,  and  has  a  suffocating  smell  of  the  oxides  of  nitrogen.  When  the  red  acid  is 
mixed  with  water  it  turns  green  and  then  of  a  bluish  colour,  and  with  an  excess  of  water 
ultimately  becomes  colourless.  This  is  owing  to  the  fact  that  the  oxides  of  nitrogen  in 
the  presence  of  water  and  nitric  acid  are  changed,  and  give  coloured  solutions. 

The  action  of  red  fuming  nitric  acid  (or  a  mixture  with  sulphuric  acid)  is  in  many 
cases  very  powerful  and  rapid,  and  it  sometimes  acts  differently  from  pure  nitric  acid. 
Thus  iron  becomes  covered  with  a  c<)ating  of  oxides,  and  becomes  insoluble  in  acids ;  it 
becomes,  as  is  said,  passive.  Thus  chromic  acid  (and  potassium  dichromate)  gives  oxide 
of  chromium  in  this  red  acid — that  is,  it  is  deoxidised.  This  is  owing  t<i  the  presence  of 
the  lower  oxides  of  nitrogen,  which  are  capable  of  being  oxidised — that  is,  of  passing  into 
nitric  acid  like  the  higher  oxides.  But,  generally,  the  action  of  fmuing  nitric  acid,  both 
red  and  colourless,  is  powerfully  oxidising. 

5»  Hydrogen  is  not  evolved  in  the  action  of  nitric  acid  (especially  strong)  on  metals, 
even  with  those  metals  which  evolve  hydrogen  mider  the  action  of  other  acids.  This  is 
because  the  hydrogen  at  the  moment  of  its  separation  reduces  the  nitric  acid,  with  forma- 
tion of  the' lower  oxides  of  nitrogen,  as  we  shall  afterwards  see. 

^*  Certain  basic  salts  of  nitric  acid,  however  (for  example,  the  basic  suit  of  bismuth), 
are  insoluble  in  water,  whilst,  on  the  other  hand,  all  the  normal  saltK  are  soluble,  and 
this  forms  an  exceptional  phenomenon  among  acids,  because  all  the  ordinary  acids  form 
insoluble  salts  witli  one  or  another  base.     Thus,  for  sulphuric  acid  the  salts  of  barium, 
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of  entering  into  double  decompositions,  and  owing  to  the  volatility 
of  nitric  acid,  they,  like  cubic  nitre,  evolve  nitric  acid  when  heated 
with  sulphuric  acid.  They  all,  like  nitric  acid  itself,  are  capable  of 
evolving  oxygen  when  heated,  and  consequently  of  acting  like  oxidising 
substances,  and  therefore,  for  instance,  deflagrate  with  ignited  carbon, 
the  carbon  burning  at  the  expense  of  the  oxygen  of  the  salt  and  forming 
gaseous  products  of  combustion.^^ 

Nitric  acid  also  enters  into  double  decompositions  with  a  number 
of  hydrocarbons  not  in  any  way  possessing  alkaline  characters  and  not 
reacting  with  other  acids.  Under  these  circumstances,  the  nitric  acid 
gives  water  and  a  new  substance  termed  a  nitro-compound.  The 
chemical  character  of  the  nitro-compound  is  the  same  as  that  of  the 
original  substance  ;  for  example,  if  an  indifferent  substance  be  taken, 
then  the  nitro-compound  obtained  from  it  will  also  be  indifferent; 
if  an  acid  be  taken,  then  an  acid  is  obtained  also.  Benzene, 
C5H5,  for  instance,  acts  according  to  the  equation  C6Hg-|-HN03 
=H20-|-C6H5N02.  Nitrobenzene  is  produced.  The  substance  taken, 
CgHfi,  is  a  liquid  hydrocarbon  having  a  faint  tarry  smell,  boiling  at  80°, 
and  lighter  than  water  ;  by  the  action  of  nitric  acid  nitrobenzene  is 
obtained,  which  is  a  substance  boiling  at  about  210°,  heavier  than 
water,  and  having  an  almond-like  odour  ;  it  is  employed  in  large 
quantities  for  the  preparation  of  aniline  and  aniline  dyes.^^  As 
they  contain  both  combustible  elements  (hydrogen  and  carbon),  as 

lead,  &c.,  for  hydrochloric  acid  the  salts  of  silver,  (&c.,  are  insoluble  in  water.  How- 
ever, the  normal  salts  of  acetic  and  certain  other  acids  are  all  soluble. 

^  Amtnoniuin  nitrate^  NH4NO3,  is  easily  obtained  by  adding  a  solution  of  am- 
monia or  of  ammonium  carbonate  to  nitric  acid  until  it  becomes  neutral.  On  eyapo- 
rating  this  solution  crystals  of  the  salt  are  formed  which  contain  no  water  of  crystallisation. 
It  crj'stallises  in  prisms  like  those  formed  by  common  nitre,  and  has  a  refreshing  taste ; 
100  parts  of  water  at  t'^  dissolve  54  -*-0'61^  parts  by  weight  of  the  salt.  It  is  soluble  in 
alcohol,  melts  at  1G0°,  and  is  decomposed  at  about  180°,  forming  water  and  nitrous  oxide, 
NH4N05^2H.^O  + N.^O.  If  ammonium  nitrate  be  mixed  with  sulphuric  acid,  and  the 
mixture  be  heated  at  about  the  boiling  point  of  water,  then  nitric  acid  is  evolved,  and 
anmionium  hydrogen  sulphate  remains  in  solution  ;  but  if  the  mixture  be  heated  rapidly 
to  160^,  then  nitrous  oxide  is  evolved.  In  the  first  case  the  sulphuric  acid  takes  up 
ammonia,  and  in  the  second  place  water.  Ammonium  nitrate  is  employed  in  practice  for 
the  artificial  production  of  cold,  because  in  dissolving  in  water  it  lowers  the  temperature 
very  considerably.  For  this  purpose  it  is  best  to  take  equal  parts  by  weight  of  the  salt 
and  water.  The  salt  must  first  be  reduced  to  a  i)owder  and  then  rapidly  stirred  up  in 
the  water,  when  the  temi>erature  will  fall  from  +  15*^  to  —10*^,  so  that  the  water  freezes. 

Ammonium  nitrate  absorbs  ammonia,  with  which  it  forms  unstable  compounds 
resembling  compouudH  containing  water  of  crystalHsation.  At  —10^  NH4N05,2NH3  is 
formed  :  it  is  a  liquid  of  bj).  gr.  1*5(),  wliich  loses  all  its  ammonia  under  the  influence  of  heat. 
At  -I-  2H^  NH4N05,NH3  is  formed  :  it  is  a  solid  which  easily  parts  with  itsaiimionia  when 
heatt'd,  esjyecially  in  solution. 

^'  Tho  iwrtion  of  nitric  acid  on  cellulone,  C(;Hj(jO-,  is  similar.  This  substance,  which 
fonns  the  outer  coating  of  all  plant  cells,  occurs  in  an  almost  pure  state  in  cotton,  in 
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well  as  oxygen  in  unstable  combination  with  nitrogen,  in  the  form 
of  the  radicle  NOg  of  nitric  acid,  the  nitro-compounds,  when  ignited  or 

common  writing-paper,  and  in  flax,  &c. ;  under  the  action  of  nitric  a^id  it  forms  water  and 
nitrocellulose,  which,  although  it  has  the  same  appearance  as  the  cotton  originally  taken, 
differs  from  it  entirely  in  properties.  It  explodes  when  struck,  bursts  into  flame  very 
easily  under  the  action  of  sparks,  and  acts  like  gunpowder,  whence  its  name  of  pyroxy- 
lin, or  gun-cotton.  The  composition  of  gun-cotton  is  C6H7N30ii  =  CflHio05  +  8NH05 
—  8HqO.  The  proportion  of  the  group  NO^  in  nitrocellulose  may  be  decreased  by  limiting 
the  action  of  the  nitric  acid,  and  a  compound  is  obtained  which  bums  without  explosion, 
although  it  is  capable  of  bursting  into  flame.  This  substance  when  dissolved  in  a  mix- 
ture of  alcohol  and  ether  is  called  collodion.  The  solution  when  poured  on  to  any 
surface  loses  all  the  ether  and  alcohol  by  evaporation,  and  leaves  an  amorphous  muss  in 
the  form  of  a  transparent  membrane  insoluble  in  water.  A  solution  of  collodion  is  em- 
ployed in  medicine  for  covering  wounds,  and  in  wet-plate  photography  for  giWng  on  glass 
an  even  coat  of  a  substance  into  which  the  various  reagents  employed  in  the  process  are 
introduced. 

The  property  possessed  by  nitroglycerin  (occurring  in  dynamite),  nitrocellulose, 
and  the  other  nitro-compounds,  of  burning  with  an  explosion  depends  on  the  reasons 
in  virtue  of  which  a  mixture  of  nitre  and  charcoal  deflagrates  and  explodes ;  in  both 
cases  the  elements  of  the  nitric  acid  occurring  in  the  compound  are  decomposed, 
the  oxygen  in  burning  unites  with  the  carbon,  and  the  nitrogen  is  set  free ;  thus  a  very 
large  volume  of  gaseous  substances  (nitrogen  and  oxides  of  carbon)  is  rapidly  formed 
from  the  solid  substances  originally  taken.  These  gases  occupy  an  incomparably  larger 
volume  than  the  original  substance,  and  therefore  produce  a  powerful  pressure  and 
explosion.  It  is  evident  that  in  exploding  with  the  development  of  heat  (that  is,  in 
decomposing,  not  with  the  absorption  of  energy,  as  is  generally  the  case,  but  with  the 
evolution  of  energy)  the  nitro-compounds  form  stores  of  energy  which  are  easily  set  free, 
and  that  consequently  their  elements  occur  in  a  state  of  particularly  energetic  move- 
ment, which  is  especially  strong  in  the  group  NOo  ;  this  group  is  common  to  all  nitro- 
compounds, and  all  the  oxygen  compounds  of  nitrogen  are  unstable,  easily  decom- 
posable, and  (Note  29)  absorb  heat  in  their  formation.  On  the  other  hand,  the  nitro- 
compounds are  instructive  as  an  example  and  proof  of  the  fact  tliat  the  elements  and 
groups  forming  compounds  are  united  in  definite  order  in  the  molecules  of  a  com- 
pound. A  blow,  concussion,  or  rise  of  temperature  is  necessary  to  bring  the  com- 
bustible elements  C  and  H  into  the  most  intimate  contact  with  NOo,  and  to  distribute 
the  elements  in  a  new  order  in  new  compounds. 

As  regards  the  composition  of  the  nitro-compounds,  it  will  be  seen  that  the  hydrogen 
of  a  given  substance  is  replaced  by  the  complex  group  NO.)  of  the  nitric  acid.  The  same 
is  observed  in  the  j^assage  of  alkalis  into  nitrates,  so  that  tlie  reactions  of  substitution  of 
nitric  acid — that  is,  the  formation  of  salts  and  nitro-compounds — may  be  expressed  in 
the  following  manner.  In  these  cases  the  hydrogen  is  replaced  by  the  so-called  radicle 
of  nitric  acid  NO2,  as  is  evident  from  the  following  table  : — 

j  Caustic  potash    .     .     .  KHO. 

(Nitre  K(N0.2)0. 

f  Hydrate  of  lime      .     .  CaH.^O.^. 

i  Calcium  nitrate  .     .     .  Ca(NO,.) jO.^. 

(Glycerin CJH5H5O3. 

(Nitroglycerin      .     .     .  C3H5(N02)503. 

(Phenol       CcHjOH. 

( Picric  acid      ....  CoH2(NO.i)50H,  iVc. 

The  difference  between  the  salts  formed  by  nitric  acid  and  the  nitro-compounds  con- 
sists in  the  fact  that  nitric  acid  is  very  easily  separated  from  the  salts  of  nitric  acid  by 
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even  struck,  decompose  with  an  explosion,  owing  to  the  pressure  of  the 
vapours  and  gases  formed — free  nitrogen,  carbonic  anhydride,  and 
aqueous  vapour.  In  the  explosion  of  nitro- compounds  much  heat  is 
evolved,  as  in  the  combustion  of  gunpowder  or  detonating  gas,  and  in 
this  case  the  force  of  explosion  in  a  closed  space  is  great,  because  from 
a  solid  or  liquid  nitro-compound  occupying  a  small  space  there  proceed 
vapours  and  gases  whose  elasticity  is  great  not  only  from  the  smaU 
space  in  which  they  are  formed,  but  owing  to  the  high  temperature 
corresponding  to  the  combustion  of  the  nitro-compound.^® 

The  combustion  of  nitro-compounds,  as  well  as  that  which  nitrates 
bring  about  (in  gunpowder),  originates  in  the  weakness  of  the  bond 
which  holds  together  the  oxygen  and  nitrogen  in  nitric  acid  itself,  as 
well  as  in  all  the  oxygen  compounds  of  nitrogen.  If  the  vapour  of 
nitric  acid  is  passed  through  an  even  moderately  heated  glass  tube,  the 
fonnation  of  dark-brown  fumes  of  the  lower  oxides  of  nitrogen  and  the 
separation  of  free  oxygen  may  be  observed — 2NH03^H20  -f  2NO3  +  O. 
The  decomposition  is  complete  at  a  white  heat — that  is,  nitrogen  is 
formed,  2NH03=H20-f  Na-f-Oft,  Hence  it  is  easily  understood 
that  nitric  acid  may  part  with  its  oxygen  to  a  number  of  substances 
capable  of  being  oxidised.^^  It  is  consequently  an  oxidising  agent. 
Charcoal,  as  we  have  already  seen,  burns  in  nitric  acid ;  phosphorus, 
sulphur,  iodine,  and  the  majority  of  metals  also  decompose  nitric  acid, 

raeans  of  sulphuric  acid  (that  is,  by  a  method  of  double  saline  decomposition),  whilst 
nitric  acid  is  not  diHplaced  by  sulphuric  acid  from  true  nitro-compounds ;  for  instance, 
nitrobenzene,  C^Hs'NO.^.  As  nitro-compounds  are  formed  exclusively  from  hydrocarbons, 
they  are  described  with  them  in  organic  chemistry. 

The  group  NO2  of  nitro-compounds  in  many  cases  (like  all  the  oxidised  compounds  of 
nitrogen)  passes  into  the  ammonia  group  or  into  the  ammonia  radicle  NH2.  It  is  evident 
that  this  requires  the  action  of  reducing  substances  evolving  hydrogen:  RN0a  +  6H 
=  RNHfc^  2H2O.  Thus  Zinin  converted  nitrobenzene,  CgH^NOj,  into  aniline,  CeHj'NHj, 
by  the  action  of  hydrogen  sulphide. 

Admittinjij  tlie  existence  of  the  group  NO^,  replacing  hydrogen  in  various  compounds, 
then  nitric  acid  may  be  considered  as  water  in  which  half  the  hydrogen  is  replaced  by 
the  radicle  of  nitric  acid.  In  this  sense  nitric  acid  is  nitro-water,  NO.j'OH,  its  anhydride 
din itro- water,  (N02)iO,  and  nitrous  acid  nitro-hydrogen,  NOjH.  In  nitric  acid  the  radicle 
of  nitric  tu>id  is  combined  with  hydroxyl,  just  as  in  nitrobenzene  it  is  combined  with  the 
radicle  of  benzene. 

It  should  here  be  remarked  that  the  group  NO3  may  be  recognised  in  tlie  saltg  of 
nitric  acid,  because  the  salts  have  the  composition  M(N03),„  just  as  the  metallic  chlorides 
have  the  composition  MC1„.  But  the  group  NO5  does  not  form  any  other  compounds 
beyond  the  saltK,  and  therefore  it  should  be  considered  as  hydroxyl,  HO,  in  which  H  is 
replaced  by  NO.^. 

^  The  nitro-compounds  play  a  very  important  part  in  mining  and  artillery.  Detailed 
accounts  of  them  must  be  looked  for  in  special  works.  Tlie  most  important  and  histori- 
cal work  in  this  connection  is  due  to  Berthelot,  who  elucidated  much  in  coimectiou  with 
explosive  compounds  by  a  series  of  both  experimental  and  theoretical  researches. 

^^  Nitric  acid  nuiy  be  entirely  decomposed  by  passing  its  vapour  over  highly  incan- 
descent copper,  because  the  oxides  of  nitrogen  first  formed  give  up  their  oxygen  to  the 
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some  on  heftting  and  others  even  at  the  ordinjiry  temperatore  ;  the 
Bubataiites  taken  ai-e  oxidised  and  the  nitric  acid  is  deoxidised,  yielding 
cowpounda  contaicing  less  oxygen.  Only  a  few  metals,  such  as  gold 
and  platinum,  do  not  act  on  nitric  acid,  but  the  majority  decompose  it  ; 
in  so  daing,  an  oxide  of  the  metal  is  formed,  which,  if  it  has  the 
character  of  a  base,  acts  on  the  remaining  nitric  acid  ;  therefore,  with 

red-Iiot  metftllio  ooppec,  ">  tlmt  w«ter  nod  nitroffen  gas  nlonii  are  obtained.  Thia  forrag 
a  mBinia  lor  dBtennining  tlia  pomposilion  both  o(  nilrie  .icid  aud  of  all  tba  other  coin- 
[KiuiidB  »(  nitroBen  with  osygen.  bepaaw  by  coiledtinR  llie  gnaeouB  nitrogen  li.nnod  It  is 


ve  ght  an      onwiinentl;  its  uaouDt  in  u  given 
d  b    we  gh  ng   he  copper  before  and  aftet  the 
iatenniuo  the  unoun       f  oiygen  by  tliB  increase  in 
we  gilt.     For  nitric  »ci^  thia  de- 
ompoution  is  eKpreaeed  by  the 
eqnfltion    3HN05  +  6Cu-H,0  + 
N  +BCuO.    This  reuition  mnHt 
be   preceded    by  the    fonnatiori 
of  copper  nitrate,  Cii(NOi)i,  be- 
^J-^  cauic  oxide  of  copper  tomii  this 

-1;^  Ballwithiiitrioarid.    This  Bolt  i» 

very  DnBtiible,  and  evolves  oxy- 
gen Hid  oxides  of  nitrogen  at  •■ 
~  iplote  di 


impliBhed  by  pi 
tare  of  hydrogen  and  nitric  uiid 

lecoaiponltlon af  nltroui oildo  by  mifnui.  inpouni  through  a  red-hot  tube. 

gftseons  nitrogen   being   tonned 

e  of  the  oxidation  of  Uie  hydrogen.     Sodium  bIho  deconipoeea  the  oiides 

t  a,  red  heat,  taking  up  all  the  oxygen.    Thia  niothod  in  aometimes  useil  for 

he  compoiitbn  ot  the  oiidee  of  nitrogen. 
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metals  tlie  result  of  the  reaction  is  usually  not  an  oxide  of  the  metal, 
but  the  corresponding  salt  of  nitric  acid,  and,  at  the  luime  time,  one  of 
the  lower  oxides  of  nitrogen.  The  resulting  salts  of  the  metals  are 
soluble,  and  hence  it  ia  sairl  that  nitric  atid  dimmlveii  nearly  all  metals.*" 
This  mse  is  termed  the  solution  of  mecals  by  acids,  although  it  is  not  a 
case  of  simple  solution,  but  a  complex  chemical  change  of  the  substances 
taken.  When  treated  with  this  acid,  those  nietala  whof*  oxides  do  not 
combine  with  nitric  acid  yield  the  oxide  itself,  and  not  a  salt  ;  for 
example,  tin  acts  in  this  manner  on  nitric  acid,  forming  a  liydrouB 
oxide,  SnHjOj,  which  is  obtained  in  the  form  of  a  white  powder,  ; 
8n+4NHO.,=H^SnO.,  +  4NO,  +  HjO.  Silver  is  ablo  to  take  up  still  | 
more  oxygen,  and  to  convert  a  large  portion  of  nitric  acid  into  nitrous 
anhydride,  4Ag+6HNO,='(AgN03  +  NjOa+3H,0.  Copper  takes 
up  still  more  oxygen  from  nitric  acid,  converting  it  into  nitric  oxide, 
a  perfectly  colourless  gas  ■  and,  by  the  action  of  zinc,  nitric  acid 
is  able  to  give  up  a  still  further  quantity  of  nitrogen,  forming  nitrous 
oxide,  4Zu+10NHOa=4Zn(NO3),  +  N,O  +  5H5O.'i  Sometimes,  and 
especially  with  dilute  solutions  of  nitric  acid,  the  deoxidation  pro- 
ceeds as  far  as  the  formation  of  hydroxylamine  and  ammonia,  and 

*^  The  applIcutLon  of  this  iu!id  for  utt^hifiij  Hipper  or  aleuX  in  Qn)fT»viag  lA  iHttecl  on 
this  titct.  TIlH  ceipper  iBcaveniil  with  n  coating  of  wajc,  reain,  £e.  [otohinggroiiud),oii  which 
nitriuaoid  doeinob  ad,  and  Chen  (he  gronod  is  rsmoved  in  corUin  pu^H  with  u  noeille,  nod     | 
tbii  whole  is  waxhed  in  nitric  acid.   The  parts  covenxl  with  the  groaod  remain  untouched,     , 
wbilit  the  uncovered  portiouB  are  eaten  into  by  the  acid.    Copper  plates  lor  otcbiugs, 
■qutints,  &c.,  are  pmpiiTed  in  thia  manner. 

*'  The  (urmatioD  ot  Huch  complei:  equations  aa  the  above  often  presents  some  ditB- 
eoltr  to  the  beginner.  It  should  be  observed  tlml  if  the  reacting  and  resultant  aub-  j 
stiUioea  be  known,  it  is  easy  to  form  an  eijuaCiaa  for  the  reaction.  Thuo,  if  we  wish  lo 
form  an  equation  eipresEing  the  reaction  that  nitrio  sf  id  acting  on  linc  gives  nllTon*  { 
□Eide,N,0,andiinr;nitrate.Zn(NO.,,)„wemQstreasonasrollows:— Nitrioacid  conUin*  I 
hydrogen,  whilst  tlie  salt  and  nitrons  oxide  do  not ;  hence  water  is  formed,  and  thereforo 
it  is  Bs  though  anhydrous  nitric  acid.  NjO,,  were  acting.  For  its  conversion  into  nitrous  i 
Diide  it  parts  with  four  eqaitalents  ol  oxygen,  and  hence  it  is  able  to  oxidise  fonr  equi- 
valents of  einc  and  to  convert  it  into  liue  oxide,  ZnO.  These  font  equivalenta  of  line 
oxide  TWiuire  (or  their  conieniion  into  the  salt  foDr  more  eqnivslenta  of  nitric  anhydride, 
Muiaequentl)'  Sve  e<|uivalents  in  all  of  the  tatter  are  required,  or  ten  equivalents  of  nitric 
■did.  Ccnueqnently  ten  equivalents  of  nitric  acid  aiv  necesAary  for  four  eijniTalents  ot 
sine  in  order  to  express  the  reaction  in  wliole  equivalents.  It  must  not  bu  forgotten, 
hosfover,  that  there  are  very  few  such  reactions  which  can  be  entirely  ex prBuntd  by  simple 
equations.  The  majority  of  eqnations  of  reactions  only  express  the  chief  and  ultimate 
|>R>daota  of  reaction,  an^  tbaa  none  of  the  three  preceding  equations  express  all  that 
in  mslity  occurs  in  the  action  ot  metals  on  nitric  acid.  In  do  one  at  them  ia  only  one 
oxide  of  nitrogen  (ormcd,  bnt  always  several  together  or  consecotively— one  after  the 
other,  according  to  the  temperature  and  strength  of  the  acid.  And  this  is  easily  under- 
stood. The  rexulcing  oxide  is  itself  capable  of  influencing  metals  and  ot  being  deoxidised, 
and  iu  the  presence  of  the  nitric  acid  it  may  change  the  acid  and  be  itself  cbanged.  Th« 
equations  given  mnst  be  looked  on  ai  a  Hystematic  expression  of  the  main  aspects  of  ip- 
BCtions,  Further,  these  reactions  vary  coDsideiubly  with  diflereDt  temperatures  and 
varying  strengths  of  add. 
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sometimes  it  leads  to  the  formation  of  ammonia  itself.  The  fonnation 
of  one  or  other  nitrogenous  substance  from  nitric  acid  is  determined 
not  only  by  the  nature  of  the  reacting  substances,  but  also  by  the 
relative  mass  of  water  and  nitric  acid,  and  also  by  the  temperature  and 
pressure,  or  the  sum  total  of  the  conditions  of  reaction  ;  and  as  in  a 
given  mixture  these  conditions  even  vary  (the  temperature  and  the 
relative  mass  vary),  therefore  a  mixture  of  different  products  of  the 
deoxidation  of  nitric  acid  is  not  unfrequently  formed. 

Thus  the  action  of  nitric  acid  on  metals  consists  in  their  being 
oxidised,  whilst  it  is  itself  converted,  according  to  the  temperature, 
concentration  in  which  it  is  taken,  and  the  nature  of  the  metal,  &c., 
into  either  lower  oxides,  or  even  into  ammonia. '*^  Many  compounds 
are  oxidised  by  nitric  acid  like  metals  and  other  elements  ;  for  instance, 
lower  oxides  are  converted  into  higher  oxides.  Thus,  arsenious  acid  is 
converted  into  arsenic  acid,  suboxide  of  iron  into  oxide,  sulphurous 
acid  into  sulphuric  acid,  the  sulphides  of  the  metals,  M^S,  into  sulphates, 
M2SO4,  tkc.  ;  in  a  word,  nitric  acid  brings  about  oxidation,  its  oxygen 
is  taken  up  and  transferred  to  many  other  substances.  Certain  sub- 
stances are  oxidised  by  strong  nitric  acid  so  rapidly  and  with  so  great 
an  evolution  of  heat  that  they  deflagi-ate  and  burst  into  flame.  Thus 
turpentine,  C,oHi6,  bursts  into  flame  when  poured  into  fuming  nitric 
a.cid.  In  virtue  of  its  oxidising  property,  nitric  acid  removes  the 
hydrogen  from  many  substances.  Thus  it  decomposes  hydriodic  acid, 
separating  the  iodine  and  forming  water  ;  and  if  fuming  nitric  acid  he 
poured  into  a  flask  containing  gaseous  hydriodic  acid,  then  a  rapid 
reaction  takes  place,  accompanied  by  flame  and  the  separation  of 
violet  vapours  of  iodine  and  brown  fumes  of  oxides  of  nitrogen.^^ 

**  It  is  observed  that  normal  nitric  acid  oxidises  many  metals  with  much  greater 
difficulty  than  when  diluted  with  water;  iron,  copper,  and  tin  are  very  easily  oxidised  by 
dilute  nitric  acid,  but  remain  unaltered  under  the  influence  of  monohydrated  nitric  acid 
or  of  the  pure  hydrate  NHO5.  Nitric  acid  diluted  with  a  large  quantity  of  water  does 
not  oxidise  copper,  but  it  oxidises  tin ;  dilute  nitric  acid  also  does  not  oxidise  either  silver 
or  mercury ;  but,  on  the  addition  of  nitrous  acid,  even  dilute  acid  acts  on  the  above  metals. 
This  naturally  depends  on  the  smaller  stability  of  nitrous  acid,  and  on  the  fact  that  after 
the  commencement  of  the  action  the  nitric  acid  is  itself  converted  into  nitrous  acid,  which 
continues  to  act  on  the  silver  and  mercury. 

^  When  nitric  acid  acts  on  many  organic  substances  it  often  Iiappens  that  not  only 
is  hydrogen  removed,  but  also  oxygen  is  combined ;  thus,  for  example,  nitric  acid  con- 
verts toluene,  C7H8,  into  benzoic  acid,  C7HQO2.  In  certain  cases,  also,  a  portion  of 
the  carbon  contained  in  an  organic  substance  bums  at  the  expense  of  the  oxygen  of  the 
nitric  acid.  So,  for  instance,  phthalic  acid,  C8Hfl04,  is  obtained  from  naplithalene,  CioHa- 
Thus  the  action  of  nitric  acid  on  the  hydrocarbons  is  often  most  complex ;  there  takes 
place  (besides  nitrification)  the  separation  of  carbon,  the  displacement  of  hydrogen, 
and  the  combination  of  oxygen.  There  are  few  organic  substances  which  can  with- 
stand the  action  of  nitric  acid.  Hence  nitric  a<;id  acts  in  a  powerfully  transforming 
manner  on  a  number  of  organic  substances.    It  leaves  a  yellow  stain  on  the  skin,  and  in 
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As  nitric  acid  is  very  easily  decomposed  with  the  separation  of 
oxygen,  it  was  for  a  long  time  supposed  that  it  was  not  capable  of 
forming  the  corresponding  nitric  anJiydride,  NjOj  ;  but  first  Deville, 
and  then  Weber  and  others,  discovered  the  methods  of  its  formation. 
Deville  obtained  nitric  anhydride  by  decomposing  silver  nitrate  by 
chlorine  under  the  influence  of  a  moderate  heat.  Chlonne  acts  on  the 
above  salt  at  a  temperature  of  95°  (2 AgNOg  -h  Clg  =  2  AgCl  +  NaO.,  -f  O), 
and  when  once  the  reaction  is  started  it  continues  by  itself  without 
further  heating.  Brown  fumes  are  given  off,  which  are  condensed  in  a 
tube  surrounded  by  a  freezing-mixture.  A  portion  condenses  in  this 
tube  and  a  portion  remains  in  a  gaseous  state.  The  latter  contains 
free  oxygen.  A  crystalline  mass  and  a  liquid  substance  are  obtained  in 
the  tube  ;  the  liquid  is  poured  off,  and  a  current  of  dry  carbonic  acid 
gas  is  passed  through  the  apparatus  in  order  to  remove  all  traces  of 
volatile  substances  (liquid  oxides  of  nitrogen)  adhering  to  the  crystals 
of  nitric  anhydride.  These  form  a  voluminous  mass  of  rhombic  crystals 
(density  1*64),  which  sometimes  are  of  rather  large  size  ;  they  melt  at 
about  30°  and  distil  at  about  47°.  In  distilling,  a  portion  of  the  sub- 
stance is  decomposed.  With  water  these  crystals  give  nitric  acid. 
Nitric  anhydride  is  also  obtained  by  the  action  of  phosphoric  anhydride, 
P2O5,  on  cold  pure  nitric  acid  (below  0°).  During  the  very  careful  dia-. 
tillation  of  equal  parts  by  weight  of  these  two  substances  a  portion 
of  the  acid  decomposes,  giving  a  liquid  compound,  H20,2N205 
=N205,2HN03,  whilst  the  greater  part  of  the  nitric  acid  gives  the 
anhydride  according  to  the  equation  2NH03-|-P20ft=2PH03  +  Na05. 
On  heating,  and  sometimes  even  spontaneously  with  explosion,  nitric 
anhydride  decomposes  into  nitric  peroxide  and  oxygen,  NjOj 
=N.,0,-fO. 

Nitrogen  jyeroxide,  N2O4,  and  nitrogen  dioxide,  NO2,  express  one 
and  the  same  composition,  but  they  should  be  distinguished  like  ordinary 
oxygen  and  ozone,  although  in  this  case  their  mutual  conversion  is 
more  easily  accomplished,  even  by  vaporisation ;  also,  O3  loses  heat  in 
passing  into  Oj,  whilst  N2O4  absorbs  heat  in  forming  NO2. 

Nitnc  acid  in  acting  on  tin  and  on  many  organic  substances  (for 
example,  starch)  gives  brown  vapours,  consisting  of  a  mixture  of  N2O3 
and  NO.j.  A  purer  product  is  obtained  by  the  decomposition  of  lead 
nitrate  by  heat,  Pb(N03)2=2N02  4-0+ PbO,   when  non-volatile  lead 

a  large  quantity  causes  a  wound  and  entirely  eats  away  the  membranes  of  the  body. 
The  membranes  of  plantn  are  eaten  into  with  the  greatest  ease  by  strong  nitric  acid  in 
just  tlie  same  manner.  One  of  the  most  durable  blue  vegetable  dyes  which  is  employed 
in  dyeing  tissues  is  imlujOy  yet  it  is  easily  converted  into  a  yellow  substance  by  the 
action  of  nitric  acid,  and  small  traces  of  free  nitric  acid  may  be  recoguised  by  this  means* 
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oxide,  oxygen  gas,  and  nitrogen  peroxide  are  formed.  The  latter,  in  a 
strongly  cooled  vessel,  condenses  into  a  brown  liquid,  which  boils  at 
about  22°.  The  purest  peroxide  of  nitrogen,  solidifying  at  —9°,  is 
obtained  when  dry  oxygen  is  mixed  in  a  freezing-mixture  with  twice 
its  volume  of  dry  nitric  oxide,  NO,  when  transparent  prisms  of  nitrogen 
peroxide  are  formed  in  the  receiver  ;  they  melt  into  a  colourless  liquid 
at  about  — 10®.  When  the  temperature  of  the  receiver  is  above 
— 9°,  the  crystals  melt,^*  and  at  0°  give  a  reddish -yellow  liquid,  like 
that  obtained  in  the  decomposition  of  lead  nitrate.  The  vapours  of 
nitrogen  peroxide  have  a  characteristic  odour,  and  at  the  ordinary 
temperature  are  of  a  dark -brown  colour,  but  at  lower  temperatures  the 
colour  of  the  vapour  is  much  fainter.  When  heated,  especially  above 
50°,  the  colour  becomes  a  very  dark  brown,  so  that  the  vapours  almost 
lose  their  transparency. 

The  causes  of  these  peculiarities  of  nitrogen  peroxide  were  not 
clearly  understood  until  Deville  and  Trooste  determined  the  density 
and  dissociation  of  the  vapour  of  this  substance  at  different  temperatures, 
and  showed  that  the  density  varies.  If  the  density  be  referred  to  that 
of  hydrogen  at  the  same  temperature  and  pressure,  then  it  is  found  to 
vary  from  38  at  the  boiling  point,  or  about  27°,  to  23  at  135°,  after 
which  the  density  remains  constant  up  to  those  high  temperatures  at 
which  the  oxides  of  nitrogen  are  decomposed.  As,  on  the  basis  of  the 
laws  enunciated  in  the  following  chapter,  the  density  23  corresponds 
with  the  compound  NO2  (because  the  weight  corresponding  with  this 
molecular  formula=46,  and  the  density  referred  to  hydrogen  as  unity  is 
equal  to  half  the  molecular  weight),  therefore  at  temperatures  above  1 35° 
the  existence  of  nitrogen  dioxide  only  must  be  recognised.  It  is  this 
gas  which  is  of  a  brown  colour.  At  a  lower  temperature  it  forms 
nitrogen  peroxide,  N2O4,  whose  molecular  weight,  and  therefore  density, 
is  twice  that  of  the  dioxide.  This  substance,  which  is  isomeric  with 
nitrogen  dioxide,  as  ozone  is  isomeric  with  oxygen,  and  has  twice  as 
great  a  vapour  density  (46  referred  to  hydrogen),  is  formed  in  greater 
quantity  the  lower  the  temperature,  and  crystallises  at  — 10°.  The 
reasons  both  of  the  variation  of  the  colour  of  the  gas  (N2O4  gives 
colourless  and  transparent  vapours,  whilst  those  of  NO 2  are  brown  and 
opaque)  and  the  variation  of  the  vapour  density  with  the  variation  of 

***  According  to  certain  investigations,  if  a  brown  liqnid  is  formed  from  the  melted 
crystals  by  heating  above  —9°,  then  they  no  longer  solidify  at  —10°,  probably  because  a 
certain  amount  of  N2O3  (and  oxygen)  is  formed,  and  this  substance  remains  liquid  at 
--80°,  or  it  may  be  that  the  passage  from  2N0.2  into  N.^0.|  is  not  so  easily  accomplished 
as  the  passage  from  N2O4  into  2NO2. 

Liquid  nitrogen  peroxide  (that  is,  a  mixture  of  NO2  and  N.^O^)  is  employed  in  admix- 
ture with  hydrocaxbons  as  an  explosive. 
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B  temperature  are  thus  made  quite  clear,  and  as  at  the  lioilinj;  point  a 
B^nsity  38  was  obtained,  therefore  at  that  temperature  the  vapours 
V«onsiBt  of  a  mixture  of  79  parts  by  weight  of  N,0,  with  2]  parte  by 
■  weight  of  SO].*-''  It  is  evident  that  a  decomposition  here  takes  place 
e  peculiarity  coiuists  in  tlie  fact  tliat  the  product  uf  decomposition, 
fHO„  is  polymeriBed  (i.«.  becomes  deoBei,  coinhineH  with  itself)  at  a 
I  lower  temperature  ;  that  is,  the  reaction, 

N,O,=N0a  +  N0j 

IS  a  reversible  reaction,  and  conseiiuently  the  whole  phenomenon  repre- 
sents a  dissooUUi&n  in  a  homogeneous  gaseous  niediuni,  where  the 
.original  substance,  N^Oi,  and  the  resultant,  NO,,  are  both  gases.  The 
measure  of  dit»oeiatu>n  will  be  expressed  if  we  Hnd  the  proportion  of  the 
quantity  of  the  substance  decomposed  to  the  whole  amount  of  the  sub- 
stance. At  the  boiling  point,  therefore,  tlie  measure  of  the  decomposi- 
tion of  nitrogen  peroxide  will  be  21  .'(79  +  21)=0'21,  or  21  p.c.  ;  at 
=  1,  and  at  10°  it=0— that  is,  the  N-Oj  is  not  then  de- 
composable. Consequently  here  the  limits  of  dissociation  are  —  10°  and 
135°  at  the  atmospheric  pressure.'*  "Within  the  limits  of  these  tem- 
peratures the  vapours  of  nitrogen  peroxide  have  not  a  constant  density, 
•nd  above  and  below  these  limits  definite  substances  exist.  Thus 
above  135°  NjO,  has  ceased  to  exist  and  NOj  alone  remains.      It  ia 

BooniBeir  X  equal  the  unuuiit  by  »ei)i;hl;  ut  N.O,,  ilt  vnlnme  will  =  .r  Ifl.  uid  the 
nl  ol  NO,  will  =ll)0-jr.  gjid  oinBeqDently  ilB  voIuiub  will  ^(l(K)-j|,aa,  But  the 
mixture,  luviog  »  demit;  3S.  will  weigh  100,  conwqueutljr  iU  volume  will  =10U,9B. 
Hence  xjlC  +  (lOO-z).'aS^  lOO/Sfi,  or  x=  TH'O. 

"  The  phenonuuu  uid  litws  o(  iliBSiKnation,  CDUBiilared  b;  na  in  otilx  sepiimte  mnd 
putienUr  inBtances,  are  dimmteed  in  detail  iu  works  on  Uieuretical  Bbeuuatry.  Bdsidea, 
eeridiu  pointd  in  the  doctrine  of  <:hefnicnt  equilibriA  are  alill  flubject  to  wnne  doubt  owing 
to  the  recent  date  (Lt  vliich  thu  exvit  atudy  of  thin  subjtict  commenced.  NeveTtheleHBi 
in  reepeet  to  nitrogen  peroxide,  as  an  hiatorically  importajit  example  of  diftHociation  in  a 
homogeneooB  gaseoDB  medium,  we  will  cit«  the  neultB  of  the  careful  inveaCigiitioDa 
(lSH6-lNHtt)  at  E.  lUid  L.  NatUBOD,  who  determined  the  densities  onder  vunations  of 
tcmperalare  and  preBsare.  The  measure  of  diiwciation,  expmsed  aa  abore  |it  may  also 
be  expressed  otherwise — lor  example,  by  the  ratio  of  the  Bubatance  decomposed  to  that 
Qnalteredl,  proves  to  inereaae  at  all  lemperaturea  aa  the  preanare  diuiinialies,  which 
would  be  expected  for  ■  homogeneous  gBseous  medioni.  a*  a  decreasing  preasnre  aida 
the  formation  of  the  lightest  product  of  diaeocistion  (tliat  luting  the  least  denuty  or 
largest  volume).  Thus,  in  Natansona'  experiments  the  measnre  of  diBBOciation  at  (C  in- 
cnMsea  from  10  p.c.  to  80  p.c,  with  a  decrease  of  presBuie  of  from  aril  to  88  mm. ;  at  ^a'T*  it 
incTeases  from  i»  p.c.  toBS  p.c,  with  a  fall  of  preaaure  of  from  <S8  to  9T  mm.,  and  at  100"  it 
inureaaea  from  MS-S  p.c.  to  00-T  p.c,  with  a  hll  of  preumre  of  from  THS-fi  to  Il'T  mm.  At 
IBO"  and  1G0°  the  decompoaition  is  complete — tbikl  is,  KC,  only  remains  at  the  low  pres> 
Horea  Ilea*  than  the  atooepheriK)  at  which  the  NatanBOns  tiinde  theii  determinations; 
bat  it  is  prohabla  that  at  coadderahle  preesDre  (of  eeeeml  utmoxpheres)  molecules  of 
N2O4  wtfuld  still  be  formed,  and  it  would  be  exn>edingly  interesting  to  trace  the  pheno- 
mena Doder  the  condition*  of  both  rery  considerable  preatorea  and  ol  relatively  lalpi 
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which  nitrogen  dioxide  in  many  other  instances  passes,  and  from  which 
it  is  easily  formed.** 

Nitrous  anJiydridey  NjOg,  corresponds  *^  with  nitrous  acid,  NHO2, 
and  with  the  latter  corresponds  a  series  of  salts,  the  nitrites — for  ex- 
ample, the  sodium  salt  NaN02,  the  potassium  salt  KNO.^,  the  ammonium 
salt  (NH4)N02,'^o  t,he  silver  salt  AgNOj,*^  <fec.      Neither  the  anhydride 
nor  the  hydrate  of  the  acid  is  known  in  a  perfectly  pure  state.     The 
anhydride  has  only  been  obtained  as  a  very  unstable  substance,  and  has 
not  yet  been  investigated  with  proper  fuhiess  ;   and  when  efforts  are 
made  to  obtain  the  acid  NHOj  from  its  salts,  it  always  gives  water  and 
the  anhydride,  whilst  the  latter,  as  an  intermediate  oxide,  easily  splits 
up  into  NO  +  NO 2-      But  the  salts  of  nitrous  acid  are  distinguished  for 
their  great  stability.    Potassium  nitrate,  KNO3,  may  be  converted  into 
potassium   nitrite   by  depriving   it   of  a  portion  of  its  oxygen  ;  for 
instjince,  by  fusing  it  (at  a  not  too  great  heat)  with  metals,  such  as 
lead,    KNOa-f  Pb=:KN02-hPbO.      The    resultant  salt  is   soluble  in 
water,  whilst  the  oxide  of  lead  is  insoluble.     With  sulphuric  and  other 
acids  the  solution  of  potassium  nitrite  '*'  immediately  evolves  a  brown 
gas,  nitrous  anhydride  :  2KNO2 -h H2S04=K2S04  +N2O3  +  Hfi.    The 
same  gas  (NjOg)  is  obtained  by  passing    nitric  oxide  at  0°  through 
liquid  peroxide  of  nitrogen,*^^  or  by  heating  starch  with  nitric  acid  of  sp. 


<*  Nitric  acid  of  sp.  gr.  1*51  in  dissolviniif  nitrogen  peroxide  becomcH  brown,  whilst 
nitric  acid  of  sp.  gr.  1-82  in  coloured  greenish  blue,  and  acid  of  sp.  gr.  below  1'15  remains 
colourless  on  absorbing  nitrogen  peroxide. 

*^  Nitrogen  peroxide  as  a  mixed  substance  has  no  corresponding  independent  salts. 

^  Ammonium  nitrite  may  be  easily  obtained  in  solution  by  a  similar  method  of  double 
decomposition  (for  instance,  of  the  barium  salt  with  ammonium  sulphate)  to  the  other 
salts  of  nitrous  acid,  but  it  decomposes  with  great  ease  when  evaporated,  with  the  evo- 
lution of  gaseous  nitrogen,  as  has  been  already  mentioned  (Chap.  V.).  If  the  solution, 
however,  be  evaporated  at  the  ordinary  temperature  under  the  receiver  of  an  air-pump, 
a  solid  saline  mass  is  obtained,  which  is  easily  decomposed  when  heated.  The  dry  salt 
even  decomposes  with  an  explosion  when  struck,  or  when  heated  to  about  70° — NH4N02= 
2H.20-rN.,..  It  is  also  formed  by  the  action  of  aqueous  ammonia  on  a  mixture  of  nitric 
oxide  and  oxygen,  or  by  the  action  of  ozone  on  ammonia,  and  in  many  other  instances. 

^>  Silver  nitrite,  AgN02,  is  obtained  as  a  very  slightly  soluble  substance,  as  a  preci- 
pitiite,  on  mixing  solutions  of  silver  nitrate,  AgNOj,  and  potassium  nitrite,  KNOj.  It 
is  soluble  in  a  large  volume  of  water,  and  this  is  taken  advantage  of  to  free  it  from 
silver  oxide,  which  is  also  present  in  the  precipitate,  owing  to  the  fact  that  potassium 
nitrite  always  contains  a  certain  amount  of  oxide,  which  with  water  gives  the  hydroxide, 
fonning  oxide  of  silver  with  silver  nitrate.  The  solution  of  silver  nitrite  gives,  by  double 
dect)mposition  with  metallic  chlorides  (for  instance,  barium  chloride),  insoluble  silver 
ciiloride  and  the  nitrite  of  tlie  metal  taken  (for  instance,  barium  nitrite,  Ba(N02).»)- 

^^  Probably  potassium  nitrite,  KNO^,  when  strongly  heated,  esiHjcially  with  metallic 
oxides,  evolvt's  N  and  O,  and  gives  potassium  oxide,  K^O,  because  nitre  is  liable  to  such 
a  decomposition,  but  it  has,  as  yet,  been  but  little  investigated. 

^^  it  is  evident  that  the  reiu'tion  N.j03  =  N0.2  +  NO  is  reversible,  and  that  it  resembles 
the  conversion  of  N.2O4  into  NO2,  but  as  yet  this  reaction  has  not  been  thoroughly 
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gr.  1'3.  At  a  very  low  temperuture  it  condenses  into  a  blue  liquid  boiling 
below  0°,^^  but  then  partially  decomposing  into  NO-j-NOj.  Nitrous  an- 
hydride evinces  a  remarkable  capacity  for  oxidising.  Ignited  bodies  burn 
in  it,  nitric  acid  absorbs  it,  and  then  acquires  the  property  of  acting  on 
silver  and  other  metals,  even  when  diluted.  Potassium  iodide  is 
oicidised  by  this  gas  just  as  it  is  by  ozone  (and  by  peroxide  of  hydrogen, 
chromic  and  other  acids,  but  not  by  dilute  nitric  acid  nor  by  sulphuric 
acid),  with  the  separation  of  iodine.  This  iodine  may  be  recognised 
{see  Ozone,  Chap.  IV.)  by  its  turning  starch  blue.  The  smallest  traces 
of  nitrites  may  be  easily  discovered  by  this  method.  If,  for  example, 
starch  and  potassium  iodide  are  added  to  a  solution  of  potassium 
nitrite  (there  will  be  no  change,  there  being  no  free  nitrous  acid),  and 
then  sulphuric  acid  be  added,  then  the  nitrous  acid  (or  its  anhydride) 
immediately  set  free  evolves  iodine,  which  communicates  a  blue  colour 
to  the  starch.  Nitric  acid  does  not  act  in  this  manner,  but  in  the 
presence  of  zinc  the  coloration  takes  place,  which  proves  the  formation 
of  nitrous  acid  in  the  deoxidation  of  nitric  acid.'^"^  Nitrous  acid  (or 
even  a  mixture  of  HNOg-fNO)  acts  directly  on  ammonia,  forming 
nitrogen  and  water,  HN02  +  NH3=N2  +  2H20.'*« 

As  nitrous  anhydride  easily  splits  up  into  NO2  +  NO,  so  with  warm 
water  it,  like  NO 2,  gives  nitric  acid  and  nitric  oxide,  according  to  the 
equation  SNjOg  -h  H20=4NO  +  2NHO3. 

Being  in  a  lower  degree  of  oxidation  than  nitric  acid,  nitrous  acid 

studied.  The  brown  colour  of  the  vapours  of  nitrous  anhydride  probably  depends  on 
the  presence  of  NO.^. 

If  nitrogen  peroxide  be  cooled  to  —20^,  and  half  its  weight  of  water  be  added  to  it  drop 
by  drop,  then  the  peroxide  is  decomposed,  as  we  have  already  said,  into  nitrous  and  nitric 
acids;  the  former  does  not  then  remain  as  a  hydrate,  but  straightway  passes  into  the 
anhydride,  and,  therefore,  if  the  resultant  liquid  be  slightly  warmed  vapours  of  nitrous 
anhydride,  N2O3,  are  evolved,  and  condense  into  a  blue  liquid,  as  Fritzsche  showed. 
This  metliod  of  preparing  nitrous  anhydride  evidently  gives  the  purest  product. 

**  According  to  Thorpe,  N.^O.-^  boils  at  +  18^  According  to  Geuther,  at  +3'5'^,  and  its 
sp.  gr.  at  0°  =  1-449. 

^"^  In  its  oxidising  action  nitrous  anhydride  gives  nitric  oxide,  N^O-,  — 2X0  +  O.  Thus 
its  analogy  to  ozone  becomes  still  closer,  because  in  ozone  it  is  only  one-third  of  the 
oxygen  that  acts  in  oxidising  ;  from  O5  there  is  obtained  O,  which  ivcts  as  an  oxidiser,  and 
common  oxygen  O.^.  In  a  physical  aspect  the  affinity  between  '^•lO^^  and  O-  is  expressed 
by  both  substances  being  of  a  blue  colour  when  in  the  liquid  state. 

*®  This  reaction  is  taken  advantage  of  for  converting  the  amides,  NH..R  (where  R  is 
an  element  or  a  complex  group)  into  hydroxides,  RHO.  In  this  case  NH.2R  +  NHO._>  forms 
2N  4-  H.,>0  +  RHO ;  NH2  is  replaced  by  HO,  the  nvdicle  of  ammonia  by  the  radicle  of  water. 
This  reaction  is  employed  for  transforming  many  nitrogenous  organic  substances  havint; 
the  properties  of  amides  into  their  corresponding  hydroxides.  Thus  aniline,  (\;H5'NH,, 
which  is  obtained  from  nitrobenzene,  C^H.^'NOi  (Note  37),  is  converted  by  nitrous  anhy- 
dride into  phenol,  CgH^'OH,  which  occurs  in  the  creosote  extracted  from  coal  tar.  Tims 
the  H  of  the  benzene  is  successively  replaced  by  XO.^,  XH,.,  and  HO — a  method  which  is 
suitable  for  other  cases  also. 
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and  its  nnhjdride  are  oxidised  in  solutions  bj  many  oxidisiug 
subatanoes  —for  example,  by  potassium  permangatiate — into  nitric  acid.'*' 
Nitric  oxide,  NO.^Thia  pernianpnt  giis  ■^"  (that  is,  uuliqueliable  by 
"esaure  without  the  aid  of  cold)  may  be  obtained  from  all  the  above- 
described  compounds  of  nitrogen  witb  oxygen.  The  deoxidation  of 
nitric  acid  by  metala  is  the  usual  method  employed  for  its  preparation. 
Dilute  nitric  acid  {sp.  gr.  118,  but  not  stronger,  as  then  NjOj  and 
NOj  are  produced)  is  poured  into  a  flaalc  containing  metallic  copper.'" 
The  reaction  commences  at  the  ordinary  temperature.  Mercury  and 
silver  also  give  nitric  oxide  with  nitric  acid.  In  these  reactions  with 
tnetals  one  portion  of  the  nitric  acid  is  employed  in  the  oxidation  of  the 
metal,  whilst  the  other,  and  by  far  the  greater,  portion  combines  with  the 
metallic  oxide  bo  obtained,  witb  formation  of  the  nitrate  corresponding 
with  the  metal  taken.  The  first  action  of  the  copper  on  the  nitric  acid 
is  thus  expressed  by  the  equation 

2NH03-j-3Cu=H,0  +  3CuO  +  2NO. 
The  second  reaction  conaiata  in  the  formation  of  copper  nitrat« — 
6NH0j  +  3CuO= 3HaO + 3Cu{N03)  j. 

Nitric  oxide  ia  a  colourless  gas  which  is  only  slightly  aoluble  in 
water  {^  of  a  volume  at  the  ordinary  temperature).  Heactiona  of 
double  decomposition  in  which  nitric  oxide  readily  tabes  part  are  not 
known— that  is  to  say,  it  ia  an  indifferent,  not  a  saline,  oxide,  Like  the 
other  oxides  of  nitrogen,  it  is  decomposed  into  its  elements  at  a  red  heat. 
The  most  characteri.stic  property  of  nitric  oxide  consists  in  its  capacity 
for  directly  and  easily  combining  with  oxygen  (owing  to  the  evolution 
of  heat  in  the  combination).      With  oxygen  it  forms  nitrous  anhydride 

*'  Theuticin  of  a  Hdlutinii  of  potiiB«liim  [wrmMganste.  SMnO,,  on  nitroim  acid  in 
the  pnsHnve  o(  »ii1phiuio  iu:id  is  detenmned  b;  the  [net  that  tlie  higher  oxide  ii(  nuui- 
guieee.  Un^i,  contained  in  the  pnmiuiganaite  ia  canverted  into  Uie  loner  oiide  UnO, 
which  AB  a  baBu  fonns  muieiuiese  nulphnte,  MdBO|,  and  the  oxygen  aervee  for  the  oiida^ 
tinn  of  the  N,0,  into  NiO^,  or  ita  hydrate.    Ab  tlie  Bolutian  al  the  pennanganate  is  of  a 

"  The  ftbsolote  boiling  point  =08^  |iee  Chap.  11.  Note  BBI. 

"  Kanunorer  proposed  preparing  nitrio  oxide.  NO.  by  ponriog  a  >olation  of 
■odiam  nitrate  over  «>pper  ahavingi,  and  adding  anlphnric  acid  drop  bj  drop.  Th* 
oxidntiqn  oF  ferroua  aalta  b;  nitric  acid  aleo  given  "SO.  One  part  of  itroog  hydnwhlotia 
■cid  is  taken  and  iron  is  diaiolved  in  it  (FeCI,),  and  then  an  eqaol  rgaanlity  of  hydM- 
chloric  aoid  and  nitre  ia  added  to  tbe  solution.  On  heating,  nitrio  oxide  ia  evolved.  'When 
nitric  oxide  ia  prepared  by  either  of  the  above  me^oda,  the  apparatus  flrat  becomes  Full 
ol  brown  fnnies  ol  nitrogen  peroxide,  (armed  by  the  oxygen  of  the  air  and  the  nitrio 
oxide,  and  therefore  the  pure  gaa  can  only  be  collected  after  it  has  displaced  all  the  air 
in  the  appantus,  luid  vlien  tlie  latter  becomes  fnl!  of  colonrleae  gas. 


il 
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and  nitrogen  peroxide,  2N04-0=N203,  2NO  +  02=2N02.  If  nitric 
oxide  is  mixed  with  oxygen  and  immediately  shaken  up  with  caustic 
potash,  it  is  almost  entirely  converted  into  potassium  nitrite,  whilst 
after  a  certain  time,  when  the  formation  of  nitFic  peroxide  has  already 
commenced,  a  mixture  of  potassium  nitrite  and  nitrate  is  obtained.  If 
oxygen  is  passed  into  a  bell  jar  filled  with  nitric  oxide,  then  brown 
fumes  of  nitrous  anhydride  and  nitric  peroxide  are  formed,  which  in  the 
presence  of  water  give,  as  we  already  know,  nitric  acid  and  nitric 
oxide,  so  that  in  the  presence  of  an  excess  of  water  and  oxygen  the 
whole  of  the  nitric  oxide  is  easily  and  directly  converted  into  nitric 
acid.  This  reaction  of  the  re-formation  of  nitric  acid  from  nitric  oxide, 
air,  and  water,  2NO4-H2O4-O3  =  2HNO3,  is  frequently  made  use  of  in 
practice.  The  experiment  showing  the  conversion  of  nitric  oxide  into 
nitric  acid  is  very  striking  and  instructive.  As  the  intermixture  of  the 
oxygen  with  the  oxide  of  nitrogen  proceeds,  the  nitric  acid  formed  dis- 
solves in  water,  and  if  an  excess  of  oxygen  has  not  been  added  the 
whole  of  the  gas  (nitric  oxide),  being  converted  into  HNO3,  is 
absorbed,  and  the  water  entirely  fills  the  bell  jar  previously  contjiining 
the  gas.^®      It  is  evident  that  nitric  oxide  ^'  in  combining  with  oxygen 

•*  This  transfonnation  of  the  permanent  gases  nitric  oxide  and  oxygen  into  liquid 
nitric  acid  in  the  presence  of  water,  and  with  the  evolution  of  heat,  presents  a  most 
striking  instance  of  Uquefaction  produced  by  the  action  of  chemical  forces.  They  per- 
form with  ease  the  work  which  physical  (cooling)  and  mechanical  (prensure)  forces  do 
with  difficulty.  In  this  the  motion,  which  is  so  clearly  the  property  of  the  gaseous  mole- 
cules, is  extinguished.  In  other  cases  of  chemical  action  its  appearance  arises  from 
latent  energy — that  is,  in  all  probability,  from  the  movement  of  the  atoms  in  the  molecules. 

^^  Nitric  oxide  is  capable  of  entering  into  many  characteristic  combinations ; 
it  is  absorbed  by  the  solutions  of  many  acids  (for  instance,  tartaric,  acetic,  phos- 
phoric, sulphuric),  and  also  by  the  solutions  of  many  salts,  especially  those  formed  by 
suboxide  of  iron  (for  instance,  ferrous  sulphate).  In  this  case  a  brown  compound 
is  formed  which  is  exceedingly  unstable,  like  all  the  analogous  compounds  of 
nitric  oxide.  The  amount  of  nitric  oxide  combined  in  this  manner  is  in  atomic  pro- 
portion with  the  amount  of  the  substance  taken;  thus  ferrous  sulphate,  FeSO^, 
absorbs  it  in  the  proi>ortion  of  NO  to  2FeS04.  Ammonia  is  obtained  by  the  action  of 
a  caustic  alkali  on  the  resultant  compound,  because  the  oxygen  of  the  nitric  oxide  and 
water  are  transferred  to  the  ferrous  oxide,  forming  ferric  oxide,  whilst  the  nitrogen 
combines  with  the  hydrogen  of  the  water.  According  to  the  investigations  of  Cray 
(1885),  the  compound  is  formed  with  the  evolution  of  a  large  quantity  of  heat,  and  is 
easily  dissociated,  like  a  solution  of  ammonia  in  water.  This  subject  must  be  regarded 
as  not  sufficiently  studied.  On  passing  nitric  oxide  through  nitric  acid,  nitrogen  j>er- 
oxide  and  nitrous  anhydride  are  formed,  whose  solutions  in  the  nitric  acid  are.  as  we 
have  already  mentioned,  of  various  colours.  It  is  evident  that  oxidising  substances  (for 
example,  potassium  permanganate,  KMn04,  Note  57)  are  able  to  convert  it  into  nitric- 
acid.  If  the  presence  of  a  radicle  NO.j,  composed  like  nitrogen  peroxide,  must  be  recog- 
nised in  the  compounds  of  nitric  acid,  then  a  radicle  NO,  having  the  composition  of 
nitric  oxide,  may  be  admitted  in  the  compounds  of  nitrous  acid.  The  compounds  in 
which  the  radicle  NO  is  recognised  are  called  nitro8o-comi)ounds.  The  compounds  are 
described  in  Prof.  Bunge's  work  (Kief,  1868). 
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has  a  strong  tendency  to  give  only  the  higher  types  of  nitrogen  com- 
pounds, which  we  gee  in  nitric  acid,  HNO,  or  NO, (OH),  in  nitrio  an- 
hydride, NjO.,  or  (NOajjO,  and  mammonium  chloride,  NH.CI.  If  X 
stand  for  an  atom  of  hydrogen,  or  its  equivalents,  chlorine,  hydroxyl.  &c., 
and  if  O,  which  ja,  according  to  the  law  of  substitution,  equivalent  to 
Hj,  be  indicHted  by  X„  then  the  three  above-named  compounds  of 
nitrogen  should  be  considered  as  compounds  of  the  type  or  form  NXj. 
For  example,  in  nitric  acid  X,=Os+(OH),  where  Oj=X,,  iind 
OH=X  ;  whilst  nitric  oxide  is  a  compound  of  the  form  NX,.  Hence 
this  lower  form,  as  is  true  of  lower  forma  in  general,  strives  by  combina.- 
tion  to  attain  to  the  higher  forms  proper  to  t!ie  compounds  of  a  given 
element.  NXj  passes  consecutively  into  NX;| — ^namely,  into  NgO,and 
NHOj,  NX,  (for  instance  NO,)  and  NX,. 

As  the  decomposition  of  nitric  oxide  b^ina  at  temperatures  above 
€00°,  many  substances  burn  in  it ;  for  instance,  ignited  phoephorus  con- 
tinues to  bum  in  nitric  oxide,  but  sulphur  and  chiircoaj  are  extinguished 
in  it.  This  is  due  to  the  fact  that  the  heat  evolved  in  the  combustion  of 
these  two  substances  is  insufficient  for  the  entire  decomposition  of  the 
nitric  oxide,  whilst  the  heat  developed  by  burning  phosphorus  suffices 
to  produce  this  decomposition.  That  this  is  the  true  explanation  of 
the  behaviour  of  nitric  oxide  iji  these  ca.ses  is  proved  by  the  fact  that 
charcoal  when  very  strongly  ignited  will  burn  in  the  gas.*' 

The  compounds  of  nitrogen  with  oxygen  which  we  have  so  far  con- 
sidered may  all  be  preparecl  from  nitric  oxide,  and  may  themselves  be 
converted  into  it.  Thus  nitric  oxide  stands  in  intimate  connection 
with  them.'''     The  passage  of  nitric  oxide  into  ihe  higher  degrees  of 

nd  hydrogeu  in  infla.nituiible.  If  a.  miitnre  ul  both 
am,  the  nitrogen  and  hjdmgen  even  combine,  torming 
ewith  muty  wmbiutible  vnponrB  uid  gues  is  vt-rj  in- 
fiune  is  obtained  in  burning  a  niiiluie  of  nilrio  oiide 
carbon  biinlpUde,  C3^  The  l&ttei  Babatitiice  is  ver; 
3  oiide  thiougb  nlajuioF  the  etubou  bisul- 


fnues  he  pAHeixI  oier  spongj  platii 
imunoniA.  A  miitnre  of  nitrio  oxii 
flojnmoblc.  A  Tery  ohftracteristii; 
and  (he  vap«UT  of  the  coinbaitibli 
roUlile,  so  Iliat  it  is  aiiiStiiint  to  p. 

phide  Ifor  icstanue,  in  »  WonUe's  bottle)  m  order  tha,t  tlie  gua  esoapiui;  shonld  a 
ronsiderable  amonnt  of  tbe  vapoura  of  this  BubBlanoe.  This  miitnie  eoutinnea  to  bom 
when  Hot  light  to,  uid  the  Hame  emits  a  large  qnantitf  of  the  so-csUed  altro-violet  rayi, 
Which  are  capable  of  bringing  aboat  chemical  oombiDations  and  deootapogitioos,  and 
therelonj  the  flaniB  may  be  employed  in  photography  in  the  absence  of  sufficient  day- 
light |lna«nesiiua  and  Bleclrio  light  have  the  aauie  property).      A   miiture  of  nitrio 

^  Theoiides  of  nitrogen  do  not  proceed  directly  from  oiLygen  and  nitrogen  by  oont^ol 
alone,  natarimy  beraniie  their  tomiation  is  accompaaied  by  the  absorption  ol  a  larg« 
quantity  of  heal,  namely  (>»> Note  M),  abont  91«N)heat  onits  are  abaorbed  when  laparla 
of  oxygen  and  14  parts  ol  nitrogen  combine,  conseqnenlly  the  deoompositiou  of  nitric  otids 
Into  oxygen  and  nitrogen  is  acooinpanied  by  the  erolation  of  Uiiit  amonnt  of  heat;  and 
therefore  with  nitric  oilde,  aa  with  all  eiplosiTH  subatances  and  mixtures,  the  reaction 
once  started  in  able  to  proi^eil  by  itself.     In  fact,  tierthpli 


L 


oxide  in  tlic  eiplusion 


linate  of  meroury.  This  decomposition  does  not  ti 
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oxidation  and  the  converse  reaction  is  employed  in  practice  as  a 
means  for  transferring  the  oxygen  of  the  air  to  substances  capable  of 
being  oxidised.  Having  nitric  oxide,  it  may  easily  be  converted,  with 
the  aid  of  the  oxygen  of  the  atmosphere  and  water,  into  nitric  acid, 
nitrous  anhydride,  and  nitric  peroxide,  and  by  their  means  employed  to 
oxidise  other  substances.  In  this  oxidising  action  nitric  oxide  is  again 
formed,  and  it  may  again  be  converted  into  nitric  acid,  and  so  on  with- 
out end,  •  if  only  there  be  oxygen  and  water.  Hence  the  fact,  which 
at  first  appears  to  be  a  paradox,  that  by  means  of  a  small  quantity  of 
nitric  oxide  in  the  presence  of  oxygen  and  water  it  is  possible  to  oxidise 
an  indefinitely  large  quantity  of  substances  which  cannot  be  directly 
oxidised  either  by  the  rfction  of  the  atmospheric  oxygen  or  by  the 
action  of  nitric  oxide  itself.  The  sulphurous  anhydride,  SO 2,  which 
is  obtained  in  the  combustion  of  sulphur  and  in  roasting  many  metallic 
sulphides  in  the  air,  is  an  example  of  this  kind.  In  practice  this 
gas  is  obtained  by  burning  sulphur  or  iron  pyrites,  the  latter  being 
thereby  converted  into  oxide  of  iron  and  sulphurous  anhydride.  In 
contact  with  the  oxygen  of  the  atmosphere  this  gas  does  not  pass  into 
the  higher  degree  of  oxidation  sulphuric  anhydride,  SO3,  and  if  it  does 
form  sulphuric  acid  with  water  and  the  oxygen  of  the  atmosphere, 
SO2  +  HjO  H-0=H2S04,  it  does  so  very  slowly.  With  nitric  acid  (and 
especially  with  nitrous  acid,  but  not  with  nitrogen  peroxide)  and  water, 
sulphurous  anhydride,  on  the  contrary,  very  easily  forms  sulphuric  acid, 
and  especially  so  when  slightly  heated  (about  40°),  the  nitric  acid  (or, 
better  still,  nitrous  acid)  being  converted  into  nitric  oxide — 

3SO2  +  2NHO3  4-  2H20=2H2S04  +  2N0. 

The  presence  of  water  is  absolutely  indispensable  here,  otherwise 
sulphuric  anhydride  is  formed,  which  combines  with  the  oxides  of 
nitrogen  (nitrous  anhydride),  forming  a  crystalline  substance  contain- 
ing oxides  of  nitrogen  {chamber  crystals,  which  will  be  described  in  the 
chapter  on  sulphur).  Water  destroys  this  compound,  forming  sulphuric 
acid  and  separating  the  oxides  of  nitrogen.  The  water  must  be  taken 
in  a  greater  quantity  than  that  required  for  the  formation  of  the  hydrate 
H2SO4,  because  the  latter  absorbs  oxides  of  nitrogen.  With  an  excess  of 
water,  however,  solution  does  not  take  place.  If,  in  the  above  reaction, 
only  water,  sulphurous  anhydride,  and  nitric  or  nitrous  acid  be  taken  in 

place  spontaneously  ;  substances  even  burn  with  difficulty  in  nitric  oxide,  probably  b<?cause 
a  certain  jwrtion  of  the  nitric  oxide  in  decomjKJsing  gives  oxygen,  which  combines  with 
another  jwrtion  of  nitric  oxide  and  fonns  nitric  peroxide,  a  somewhat  more  stable  com- 
pound of  nitrogen  and  oxygen.  The  further  combinations  of  nitric  oxide  with  oxygen  all  pro- 
ceed with  the  evolution  of  heat,  and  take  place  spontaneounly  by  contact  with  air  alone. 
From  these  examples  it  is  seen  how  the  use  of  thermochemical  data  is  limited  by  facts. 
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a  definite  (juantity,  then  a  dettnite  quujititj  of  sulphuric  acid  and  nitrio  J 
oxide  will  be  formed,  according  to  the  preceding  equtition  :  but  there 
the  i-eactioo  ends,  the  excess  of  sulphurous  anhydride,  if  there  be  any, 
will  reniaiji  unchanged.  But  if  we  add  air  and  water,  then  the  nitric 
oxide  wil!  unite  with  the  o>:ygen  to  form  nitrofjen  peroxide,  and  the 
latter  with  water  to  fomi  nitrio  and  nitrous  acids,  which  again  give 
sulphuric  acid  from  a  freeh  c[uiintity  of  sulphurous  anhydride.  Nitric 
oxide  is  again  formed,  whicli  is  able  to  start  the  oxidation  afresh  if 
there  be  suiiicient  air.  Thus  it  is  possible  with  a  definite  quantity  of 
'nitric  oxide  to  convert  an  indefinitely  large  quantity  of  sulphurous 
anliydride  into  sulphuric  acid,  water  and  oxygen  only  being  required.** 
This  may  l>e  easily  demonstrated  by  an  experiment  on  a  small  scale,  if 
a  certain  quantity  of  nitric  oxide  be  first  introduced  intjj  a  flask,  and 
sulphurous  anhydride,  steam,  and  oxygen  be  then  continually  passed  in. 
Thus  the  above-described  reaction  may  be  expressed  in  the  following 


HSOi-l-nO-l-(»  +  w)H50  +  NO=»H,SOj,mH50  +  NO, 

if  we  consider  only  the  original  substances  and  those  finally  formed. 
Thus  a  definite  quantity  of  nitric  o.xide  may  serve  for  the  conversion  of 
1  indefinite  quantity  of  sulphurous  anhydride,  oxygen,  and  water  into 
sulphuric  acid.  In  reality,  however,  there  is  a  limit  to  this,  twcause  a 
portion  of  the  resulting  oxides  of  nitrogen  are  dissolved  by  the  sulphuric 
add,  so  that  in  employing  even  pure  oxygen  the  amount  of  free  (undis- 
d)  or  active  nitric  oxide  decreases  little  by  little.  If  air,  and  not 
pure  oxygen,  be  employed  for  the  oxidation,  as  it  is  necessary  to  do  in 
practice,  then  it  is  necessary  to  remove  the  nitrogen  of  the  air  and  to 
introduce  a  fresh  quantity  of  air.  A  certain  quantity  of  nitric  oxide 
will  pass  away  with  this  idtrogen,  and  will  in  this  way  be  lost.''' 


riie  instanoe  al  the  nctioii  of  u  emM  ijiMnlit;  o!  NO  iu  inciting  a  dafinit* 
ohtMniCBl  reaction  betwMti  large  niiu»B  (SOj  +  O  •  HjO^H^SO,)  is  very  instnuHiva, 
IB  the  putiEQlon  relalmg  to  it  have  been  atndied,  and  sboir  tliat  iiitermadiBt« 
of  reaction  msy  br  dtKovereA  in  the  ao-«]led  cvntact  or  catalytic  phenoaieiu. 
isence  or  the  mal  ter  here  is  that  A  ( ^  SO.,)  reuts  upon  B  ( ^  O  and  H^l  in  the  pn- 
of  C,  becauBe  it  giTea  BC,  a  subatance  which  tormK  AB  with  A.  and  again  libenOs* 
C.  Cnnaeqaently  C  ia  a  inudium,  a  tmnaferrin^  sabataRce,  without  whith  the  caatMrdiiei 
not  procetid  of  ita  own  atTord.  Many  aiiuilar  pheDommia  may  be  found  in  other  deporl'  , 
of  hfe,  ThoB  the  merchant  ia  an  indispenaable  mediam  between  the  prodacer  and 
UUmer ;  Chug  experiment  ia  a  medinm  between  the  phenomena  ol  nature  and  tlw 
eogniaant  facnltlea;  thoa  kugnnge,  forma,  and  lawa  are  media  whitii  aru  aa  neceaMtj 
tor  lbs  coueolidation  u(  aocial  iuteninnrae  aa  nitric  Diide  far  tlie  relations  between  aul- 
la  anhydride  and  oxygen  and  water. 

11  the  anlphnrons  auhydride  be  prepared  by  nwatlng  iron  pyritu,  FeSg,  then 
ijuivalent  ci(  pyritos  (fqoivalent  of  iron  fiB,  of  snlplini  ua,  of  pyritea  130)  reqoirea 
livalenta  of  oxygen  (tliat  ia  DU  part*)  for  the  oonveraioii  ol  ita  sulphur  into  aul- 


ii 
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The  preceding  series  of  changes  serve  ns  the  basin  of  the  » 
Jixoture   of  sulphuric   acid  or  so-called  ek/mi/n'r  acid.     This   acid  i 
prepared  on  a  very  large  scale  in  chemical  works  because  it  is  thft  i 
cheapest  acid  whose  action  can  be  applied  in  a  great  number  of  cases. 
It  is  thus  used  in  iinmeDse  quantities. 

The  process  is  carried  on  in  a  series  of  chambers  (or  in  one  divided 
by  partitions  as  in  tig.  50,  which  shows  the  beginning  and  end  of  a 
chamber)  constructed  of  sheet  lead.     These  chambers  are  placed  one 


after  the  other,  and  communicate  with  one  another  by  tubes  or  special 
orifices  ao  placed  that  the  inlet  tubes  are  in  the  upper  portion  of  the 
obamber,  and  the  outlet  in  the  lower  and  opposite  end.     Thecurrent  of 

phnrio  acid  ((or  forming  aH.,a04  with  witter),  besidei  1}  oquivaleotB  (B*  parte)  for  con- 
TBiting  the  iron  into  oiide,  FcjOj ;  henoB  the  MmbUBtiini  o(  the  pyrites  toi  the  tiaiuati™ 
dI  sBliibaric  nuid  mid  lerriu  oiide  reqaires  the  introdaction  of  an  eqiul  weight  of  oiyi^a 
(laOpAItaof  oiygea  to  120  ptuia  of  pyrites),  or  five  timea  i la  weight  of  ajr,  whiUt  tone 
poitH  hj  weight  of  nitragen  wilt  remain  inactire.  sud  in  the  removaJ  of  the  eihaOBted 
air  will  CKTry  oS  tJie  remHinxng  nitriu  oxide.  U  not  ilU,  at  least  a  Urge  portion  of  the 
nitric  oxide  may  be  collected  by  ptUHin)'  the  eaeaping  air,  still  coatniniag  some  oxygen, 
through  BubstanevH  which  ubaorb  oiides  of  nitrogen.  Snlphortc  avid  itaelf  may  be 
employed  for  this  pnrpone  if  it  be  taken  as  the  hydrate  H^SOj,  or  containing  only  a 
uuull  amount  of  water,  because  nooh  sBlpburic  ncid  diswlvea  the  oxjdea  of  nitrogen. 
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steam  and  gases  necessary  for  the  preparation  of  the  sulphuric  acid 
passes  through  these  chambers  and  tubes.  The  acid  as  it  is  formed  falls 
to  the  bottom  of  the  chambers,  or  runs  down  their  walls,  and  flows  from 
one  chamber  to  another  (from  the  last  to  the  first,  to  permit  of  which 
the  partitions  do  not  reach  to  the  bottom  of  the  chambers),  and  there- 
fore the  floor  and  walls  of  the  chambers  should  be  made  of  a  material 
on  which  the  sulphuric  acid  will  not  act.  Among  the  ordinary  metals 
lead  is  the  only  one  suitable.  The  other  metals,  such  as  iron,  zinc,  or 
copper,  are  corroded  by  the  acid  ;  glass  and  earthenware  are  not  acted 
on,  but  would  not  withstand  the  changes  of  temperature  which  occur  in 
the  chambers,  and  would  be  difficult  to  join  closely  ;  whilst  wood  and 
similar  materials  are  destroyed  by  the  acid. 

For  the  formation  of  the  sulphuric  acid  it  is  necessary  to  introduce 
sulphurous  anhydride,  steam,  air,  and  nitric  acid,  or  some  oxide  of 
nitrogen,  into  the  chambers.  The  sulphurous  anhydride  is  produced  by 
burning  sulphur  or  iron  pyrites.  This  is  carried  on  in  the  furnace  with 
four  hearths  to  the  left  of  the  drawing.  Air  is  led  into  the  chambers 
and  furnace  through  orifices  in  the  furnace  doors.  The  current  of  air 
and  oxygen  is  regulated  by  opening  or  closing  these  orifices  to  a  greater 
or  less  extent.  The  ingoing  draught  in  the  chambers  is  brought  about 
by  the  fact  that  heated  gases  and  vapours  pass  into  the  chambers  whose 
temperature  is  further  raised  by  the  reaction  itself,  and  also  by  the 
remaining  nitrogen  being  continually  withdrawn  from  the  outlet  (above 
the  tower  k)  by  a  tall  chimney  situated  near  the  chambers.  Nitric 
acid  is  prepared  from  a  mixture  of  sulphuric  acid  and  ChiH  saltpetre,  in 
the  same  furnaces  in  which  the  sulphurous  anhydride  is  evolved  (or  in 
special  furnaces).  Not  more  than  8  parts  of  nitre  are  taken  to  100  parts 
of  sulphur  burnt.  On  leaving  the  furnace  the  vapours  of  nitric  acid 
and  oxides  of  nitrogen  mixed  with  air  and  sulphurous  anhydride  first 
pass  along  the  horizontal  tubes  T  into  the  receiver  B  B,  which  is  partially 
cooled  by  water  flowing  in  on  the  right-hand  side  and  running  out  on 
the  left  by  o,  in  order  to  reduce  the  temperature  of  the  gases  entering 
the  chamber.  The  gases  then  pass  up  a  tower  filled  with  coke,  and 
shown  to  the  left  of  the  drawing.     In  this  tower  are  placed  lumps  of 

They  may  b(«  easily  expelled  from  this  solution  by  heating  or  by  dilution  with  water,  as 
they  are  only  slightly  soluble  in  aqueous  sulphuric  acid.  Besides  which,  snlphorotiB 
anhydride  a<;ts  on  Huth  sulphuric  acid,  being  oxidised  at  the  exiwnseof  the  nitrous  anhy- 
dride, and  forming  nitric  oxide  from  it,  which  again  enters  into  the  cycle  of  action. 
Therefore  the  sulphuric  acid  which  has  absorbed  the  oxides  of  nitrogen  escaping  from 
the  chanil)t;rs  in  the  tower  K  (see  fig.  r»0)  is  led  bivck  into  the  first  chamber,  where  it 
comes  into  contiu^t  with  sulphurous  anhydride,  by  which  means  the  oxides  of  nitrogen 
are  reintroduced  into  the  reaction  which  proceeds  in  the  chambers.  This  is  the  use  of 
the  towers  (Gay-Lussac's  and  Glover's)  which  are  erected  at  either  end  of  the  chambers. 
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i\*ke  (partially  distilled  coal),  over  which  trickles  sulphuric  acid  from 
the  n^servoir  m.  This  acid  has  absorbed  in  the  end  tower  k  the  oxides  of 
nitrogen  escaping  from  the  chamber.  This  end  tower  is  also  filled  with 
ct4ct\  over  which  a  stream  of  strong  sulphuric  acid  trickles  from  the 
peeer>*oir  m.  The  acid  spreads  over  the  coke,  and,  owing  to  the  large 
surface  offered  bv  the  coke,  absorbs  the  greater  part  of  the  oxides  of 
nitn^n  escaping  from  the  chambers.  The  sulphuric  acid  in  passing 
down  the  tower  becomes  saturated  with  the  oxides  of  nitrogen,  and 
flows  out  at  h  into  a  special  receiver  (in  the  drawing  situated  by  the 
side  of  the  furnaces),  from  which  it  is  forced  up  the  tubes  h'  h'  by  steam 
pressure  into  the  reservoir  m,  situated  above  the  first  tower.  The  gases 
passing  through  this  tower  from  the  furnace  on  coming  into  contact 
with  the  sulphuric  acid  take  up  the  oxides  of  nitrogen  contained  in  it, 
and  these  are  thus  returned  to  the  chamber  and  again  participate  in  the 
reaction.  The  sulphuric  acid  left  after  their  extraction  flows  into  the 
chambers.  Thus,  on  leaving  the  first  coke  towei*  the  sulphurous  anhy- 
dride, air,  and  vapours  of  nitric  acid  and  of  the  oxides  of  nitrogen  pass 
through  the  upper  tube  m  into  the  chamber.  Here  they  come  into 
contact  with  steam  introduced  by  lead  tubes  into  various  parts  of  the 
chamber.  The  reaction  takes  place  in  the  presence  of  water,  the  sul- 
phuric acid  falls  to  the  bottom  of  the  chamber,  and  the  siiine  process 
takes  place  in  the  following  chambers  until  the  whole  of  the  sulphurous 
anhydride  is  consumed.  A  somewhat  greater  proportion  of  air  than  is 
strictly  necessary  is  passed  in,  in  order  that  no  sulphurous  anhydi-ide 
sliould  be  left  unaltered  for  want  of  sufficient  oxygen.  The  presence  of 
an  excess  of  oxygen  is  shown  by  the  colour  of  the  gases  escaping  from 
the  last  chamber  (into  d).  If  they  be  of  a  pale  colour  it  indicates  an 
insufficiency  of  air  (and  the  presence  of  sulphurous  anhydride),  as  other- 
wise peroxide  of  nitrogen  would  be  formed.  A  very  dark  colour  shows 
an  excess  of  air,  which  is  also  disadvant^igeous,  because  it  increases  the 
inevitable  loss  of  nitric  oxide  by  increasing  the  mass  (^f  escaping 
gases.^^ 

«•  By  this  means  us  much  us  •i.'iOOOOO  kilograms  of  chamlH?r  acid,  contaijiiug  about 
00  p.c.  of  the  hydrate  H.^SO^  and  about  40  per  cent,  of  water,  may  be  manufactured 
per  year  in  one  plant  of  5000  cubic  metres  capacity  (without  wtoppajjes).  This  process 
has  been  brought  to  such  a  degree  of  jwrfection  that  as  nmch  as  800  parts  of  the  hydrate 
H-^SO^  are  obtained  from  100  parts  of  sulphur,  whilst  the  theoretical  amount  is  not 
greater  than  80(5  juirts.  The  acid  jiarts  with  its^excess  of  water  on  heatinj,'.  For  this 
purpose  it  is  heated  in  lead  vessels.  However,  the  acid  containing  about  75  per  cent,  of 
the  hydrate  (00  '  Baume),  already  begins  to  act  on  the  lead  when  heated,  and  therefore 
the  further  removal  of  water  is  conducted  by  evaporating  in  glass  or  platinum  vessels,  as 
^rill  be  described  in  our  article  on  sulphuric  acid.  The  aqueous  acid  i.K)  Baum«') 
obtained  in  the  chambt»rs  is  termed  chamber  acid.  The  acid  concentrate*!  to  (>() 
Bonxn^  is  more  generally  employed,  and  sometimes  the  hydrate  (00-   Baume)  termed 
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IC'Urofig  omdf,  N^O,"^  is  similnr  to  water  in  its  volumetric  composi- 
tion. Two  volumes  of  nitrous  oxide  are  formed  from  two  volumes  of 
nitrogen  and  one  volume  of  oxygen,  which  may  be  shown  by  the  common 

Titriol  acid  is  nlto  uned.  Iii  EnRlaad  Alone  more  Uian  1000  millloii  kilogrBms  of 
chamber  acid  are  iiroJaced  by  Ihia  miithud.  The  Fomifltidn  oT  salphoric  acid  by  th« 
action  of  nitric  acid  waa  dJBOnvered  hy  Drebliel,  and  the  firvt  lea4  ciiambef  waa  eraoted. 
by  Boebnck.  in  Scotland,  in  the  middle  of  the  Um  i^eDtnry.  Tbe  esHince  oF  the  proc«u 
•uaa.  ably  brought  to  light  at  the  bef^iiiniag  of  this  century,  when  many  improrementa 
were  introduced  into  priLctice. 

"  Hyponitroaa  acid,  correipondini;  with  uitrona  oxide  (na  ita  anhydride),  ia  not 
known  in  a  pure  iilale,  hnt  ita  nalla  ure  known.  They  are  iirH|iaied  by  the  reduction  of 
nitroim  (and  ooniteqaently  of  nitric!  aaltii  by  sodinm  lunalgam.  U  this  amolgua  ba 
added  to  a  cold  aolation  of  an  alkuline  nitrite  until  the  erolntiun  nt  gaa  ceases,  and 
Vhe  excesBof  alkali  saturated  with  acetic  Acid,  an  inaoluble  yellow  precipitate  of  silrer 
hypimitrite,  NA|[0,  will  be  ohtniued  on  adding  a  aolation  of  «ilrer  nitrate.  The  hyponi- 
trite  It  inaolnble  in  cold  acetic  acid,  and  decompoaes  when  heated,  with  the  evolntioD  of 
nitmne  oxide.  II  ra|>idlj  heated  it  decomposes  with  an  explosion.  It  is  diwolved 
niichiuigcd  by  feeble  mineral  B«ids,  whiUt  the  atronger  auida  (for  example,  snlphuria 
uid  hydiochlorio  aoida)  dscotnpone  it,  with  the  eTolntion  of  nitrogen,  nitric  and  nitrona 
acida  remaining  in  aolntion.  Among  the  other  salta  of  hyponitroui  acid,  HMO,  the  aalla 
of  lead,  copper,  and  mercury  are  insoltible  in  water.  Thia  is  almoat  all  that  ia  at 
present  known  (aoeording  to  the  reseanhea  of  Divers)  cflDceming  thia  compomid,  wbioli 
in  ita  composition  and  reactions  presents  a.  I'ertaln  analogy  to  hypochloroua  aoid. 
Thers  ia  even  reasim  to  think  that  the  compoailion  of  silver  liypoui trite,  AgNO,  ia  mor« 
complex  than  was  at  first  euppoaed,  A«  a  auhstance  which  has  not  been  sulSoiently 
tolly  innntigalcid.  hyponitrons  acid  must  be  ranked  with  those  ootupoands  which  yel 
pMaent  much  that  in  donbtlul.  It  is  evident  from  the  very  method  of  its  formation  that 
II  belongs  lo  the  olsss  of  compounds  which  are  iutermediule  between  the  oijgen  and 
hydrogen  compounds  of  nitrogen.  If  its  composition  he  MHO,  then  perhaps  it  -NHj, 
IB  which  two  eqoivaients  of  hydrogen  an  replaced  by  oxygen  (see  p.  SEH).  A  subatanm 
of  this  oonipoailion,  cuntuining  the  hydrogen  oombiued  with  the  nitrogen,  should  most 
probably  be  ixomeric,  and  not  identical,  with  the  trae  hydrate  of  uitrous  oxide,  because 
in  the  Utter  the  hydrogen  would  be  in  the  form  of  hydrotyl.  Among  such  insuffioientlf 
Invcatigated  compounds — which,  however,  are  of  great  interenl — we  must  rank  amxdogen, 
M  hydraane,  X]U,,  wliich  was  prepared  hy  Cnrtiaa  (1807)  by  means  of  ethyl  diaio- 
■Mtate,  or  triaaoacetic  Acid.  Curtius  and  Jay  (ItUIUI  allowed  that  triaaoaoetic  aoid, 
CUNj.COOH  Itlio  lormulA  ahonld  be  tripled),  when  heated  with  water  or  a  mineral 
acid  gives  Iquantitatiiely)  oxalic  acid  and  auiidogen  IhydraiinB).  CH.V^.COOH  >■ 
SH/)=C,Oj(OB|.j  +  NjH,— i.e.  (empiricaUyl,  the  oxygen  of  the  water  replaces  the  nitro- 
gen of  the  aioocetic  aeid.  The  sjnidogen  is  thus  obtuined  in  the  form  of  a  aalL 
With  Bcida  amidogen  fcmna  very  atable  sslts  of  the  two  types,  NgR^HX,  and  N^H^^ 
•a,  (or  example,  with  HCl,  H.,»Oi.  Sic.  These  salts  are  easily  cryitallised  ;  in  acid  vAa- 
they  act  aa  powerful  reducing  agents,  evolving  nitrogen ;  when  ignited  thej  are 
amnioniacal  salts,  nitrogen,  and  hydrogen  ;  with  nitrites  tbey  evolrs 
Thesnlphate.  N,H,,HjSOj,  is  sparingly  soluble  in  oold  water  m  parts  in  100 
of  water),  hnt  is  very  solable  in  hot  water ;  ita  specific  gravity  is  1*878,  it  fuses  at  364", 
with  decomposition.  The  hydrochloride,  NjH,,aHCl,  crystaUisea  in  octahndra,  is  very 
•olnble  in  water,  but  not  in  alcohol ;  it  fnsoa  at  198",  evolving  hydrogen  chloride,  and 
(oiming  the  salt  X,H,I1C1 ;  when  rapidly  heated  it  decomposi-s  with  an  axpiosion  ;  with 
plaUnic  chloride  it  immediAtely  evolves  nitrogen,  forming  platinous  cbturide.  By  Ihn 
aotiou  of  tliu  alkalis  the  salts  N.,H4,aUX  give  hydrate  of  amidvgen,  N^i,H]0, 
which  is  a  fuming  liciuid.  boiling  at  119°,  almost  without  odour,  and  wlioiw  aqneona 
solntion  corrodHB  glasH  and  india-rubber,  luid  an  alkaline  taste  and  poisonous  properties. 
Tha  redocmg  caiMcities  of  the  hydrate  are  clearly  u>eu  from  tbe  tact  that  it  reduces  Iha 
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method  of  the  analysis  of  the  oxides  of  nitrogen  (by  passing  them  over 
red-hot  copper  or  sodium).  In  contradistinction  to  the  other  oxides  of 
nitrogen,  it  is  not  directly  oxidised  by  oxygen,  but  it  may  be  obtained 
from  the  higher  oxides  of  nitrogen  by  the  action  of  certain  deoxidising 
substances  ;  thus,  for  example,  a  mixture  of  two  volumes  of  nitric 
oxide  and  one  volume  of  sulphurous  anhydride  if  left  in  contact  with 
water  and  spongy  platinum  is  converted  into  sulphuric  acid  and 
nitrous  oxide,  2NO  +  SOa  +  H.p=H2S04  +  N20.  Nitric  acid,  also, 
under  the  action  of  certain  metals — for  instance,  of  zinc  ^®— gives  nitrous 
oxide,  although  in  this  case  mixed  with  nitric  oxide.  The  usual  method 
of  preparing  nitrous  oxide  consists  in  the  decomposition  of  ammonium 
nitrate  by  the  aid  of  heat,  because  in  this  case  only  water  and  nitrous 
oxide  are  formed,  NH4N03  =  2H20-|-N20  (a  mixture  of  NH4CI  and 
KNO3  is  sometimes  taken).  The  decomposition  ^^  proceeds  very  easily 
in  an  apparatus  like  that  used  for  the  preparation  of  ammonia  or 
oxygen — that  is,  in  a  retort  or  flask  with  a  gas-conducting  tube.  The 
decomposition  must,  however,  be  carried  on  carefully,  as  otherwise 
nitrogen  is  formed  from  the  decomposition  of  the  nitrous  oxide.  ^*^ 

Nitrous  oxide  is  not  a  permanent  gas  (absolute  boiling  point  4-  36°), 
it  is  easily  liquefied  by  the  action  of  cold  under  a  high  pressure ;  at 
15°  it  may  be  liquefied  by  a  pressure  of  about  40  atmospheres.  This 
gas  is  usually  liquefied  by  means  of  the  force  pump^'  shown  in  fig.  51. 


metals  platinum  and  silver  from  their  solutions.  With  mercuric  oxide  it  explodes.  It 
reacts  directly  with  the  aldehydes  RO,  forming  N.^R^  and  water ;  for  example,  with  benz- 
aldehyde  it  gives  the  very  stable  insoluble  henzalazbie  (C6H5CHN)2,  of  a  yellow  colour. 
Farther  research  should  explain  the  relation  of  these  very  interesting  salts  to  amidogen 
(N2H4)  itself,  which  has  not  yet  been  isolated.  Amidogen  must  be  regarded  as  a  substance 
which  stands  to  ammonia  in  the  same  relation  as  hydrogen  peroxide  stands  to  water. 
Water,  H(OH),  gives,  according  to  the  law  of  substitution,  as  was  clearly  to  be  expected, 
(OH)(OH) — that  is,  peroxide  of  hydrogen  is  the  free  radicle  of  water  (hydroxyl).  So  also 
ammonia,  H(NH2),  forms  hydrazine,  (NH.j)(NH2) — that  is,  the  free  radicle  of  anmionia, 
NH2,  or  amidogen.  In  the  case  of  phosphorus  a  similar  substance,  as  we  shall  after- 
wards see,  has  long  bt^en  known  under  the  name  of  licpiid  phosphurettt*d  hydrogen,  P..H4. 

*®  It  is  remarkable  that  electro-deposited  copper  shavings  give  nitrous  oxide  with  a 
10  p.c.  solution  of  nitric  acid,  whilst  ordinary  copjjer  gives  nitric  oxide.  It  is  here 
evident  that  the  physical  and  mechanical  structure  of  the  substance  effects  the  course  of 
the  reaction — that  is  to  say,  it  is  a  case  of  contact. 

*•  This  decomposition  is  accompanied  by  the  evolution  of  about  25000  calories  per 
molecular  quantity  NH4NO3,  and  therefore  takes  place  with  ease,  and  sometimes  with 
an  explosion. 

^  In  order  to  remove  any  nitric  oxide  that  might  be  present,  the  gas  obtained  is 
passed  through  a  solution  of  ferrous  sulphate.  As  nitrous  oxide  is  very  soluble  in  cold 
water  (at  0°  100  volumes  of  water  dissolve  130  volumes  of  N.^O,  at  20"^,  07  volumes),  it 
mast  be  collected  over  warm  water.  The  nitrous  oxide  is  much  more  soluble  than  nitric 
oxide,  which  is  in  agreement  with  the  fact  that  the  nitrous  oxide  is  much  more  easily 
liquefied  than  the  nitric  oxide. 

^i  Faraday  obtained  liquid  nitrous  oxide  by  the  same  method  as  liquid  ammonia, 
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A&  it  is  lir|uetied  with  comparative  ease,  and  as  the  cold  produced  hy  its 
vaporisation  ia  very  considerable,^^  it  (as  ulso  liquid  carbonic  anhy- 
dride) is  often  employed  in  investigatioua  ret|uiring  a  low  temperature. 


»nwid  ttmi  tlw  pc 


|iT«  ud  tba  lstt>.    Tlw  ptMoo  I  al  ill 
y  bftDd.    TtiB  gi»  1*  pumped  Into  Uia 
IW  jtu  d  gnlM  A,  bul  not  to  ncape  troni  11.    Tba 

iikaliB,Ulal  wJUiloa.    Wbeo  Uw  n«  Ii  Uqnilail  IbsTi  .  . 

id  thv  Itqold  inii>  be  ponred  from  It  bj  ibrmlbg  it  ami  luunrewtiiff  th 


by  hnting  ilry  mamoDium  nJtr^te  in  ■  closed  bent  tube,  une  ana  of  wliicb 
iu  A  ttteziag  niiitun.  In  tbis  enta  Ihd  lafera  ul  liquid  are  obtained  at  Ihs  cooled  end, 
a  lower  layer  of  water  and  an  nppec  Uyer  of  nitroua  oxide.  This  eiperinieut  ihoDld  be 
conducted  with  great  can,  as  the  preBsore  ot  the  nilmui  oiiila  in  a  lii|iud  Htate  ia  non- 
■iderable,  namely  {aoeotdin|{  to  Reguault),  at  i-IO''-(E  almoBplienu,  at  0° - 36  atmu- 
■pherei,at  -10^  =  99  atmoBpberem  and  ab  -W^SS  u,Uau,i[,},et«».  It  boila  at  -03^, 
and  the  prvaiure  ie  then  tberefore  ■=  1  atnuiH|ibere. 

"  Liqaid  iiitroua  oiide.  in  laporising   at    the  uuiie    t)rDinare  ua   liquid  caibonio 
anbydndo,  gives  rise  toalmoat  uijnal  or  ei-en  slightly  lower  tcDi^wtatimii.    l%na  at  a 
VOL.  1.  U 
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Nitrous  oxide  forms  a  very  mobile,  colourless  liquid,  which  acts  on  the 
skin,  and  which  is  incapable  in  a  cold  state  of  oxidising  either 
metallic  potassium,  phosphorus,  or  carbon ;  its  specific  gravity  is 
slightly  less  than  that  of  water  (0'94).  When  evaporated  under  the 
receiver  of  an  air-pump,  the  temperature  falls  to  — 100°,  and  the 
liquid  solidifies  into  a  snow-like  mass,  and  partially  forms  transparent 
crystals.  Both  these  substances  are  solid  nitrous  oxide.  Mercury 
is  immediately  solidified  in  contact  with  evaporating  liquid  nitrous 
oxide.^^ 

When  introduced  into  the  respiratory  organs  (and  consequently 
into  the  blood  also)  nitrous  oxide  produces  a  peculiar  kind  of  drunken- 
ness accompanied  by  spasmodic  movements,  and  hence  this  gas,  dis- 
covered by  Priestley  in  1776,  received  the  name  of  *  laughing  gas.'  On  a 
prolonged  respiration  it  produces  a  state  of  insensibility  (it  is  an 
anaesthetic  like  chloroform),  and  it  is  therefore  employed  in  dental  and 
surgical  operations. 

Nitrous  oxide  is  easily  decomposed  into  nitrogen  and  oxygen  by  the 
action  of  heat,  or  a  series  of  electric  sparks  ;  and  this  explains  why  a 
number  of  substances  which  cannot  burn  in  nitric  oxide  do  so  with 
great  ease  in  nitrous  oxide.  In  fact,  when  nitric  oxide  gives  some 
oxygen  on  decomposition,  this  oxygen  immediately  unites  with  a  fresh 
portion  of  the  gas  to  form  nitric  peroxide,  whilst  nitrous  oxide  does 
not  possess  this  capacity  for  further  combination  with  oxygen."^  A 
mixture  of  nitrous  oxide  with  hydrogen  explodes  like  detonating 
gas,  gaseous  nitrogen  being  formed,  N20-hH2=H20-f-N2.  The 
volume  of  the  remaining  nitrogen  is  equal  to  the  original  volume  of 
nitrous  oxide,  and  is  equal  to  the  volume  of  hydrogen  entering  into 


presHure  of  25  mm.  carbonic  anhydride  gives  a  temperature  as  low  as  — 115'^,  and  nitrous- 
oxide  of  —  125°  (Dewar).     The  similarity  of  these  properties  and  even  of  the  absolute 
boiling  point  (CO.^  +  82°,  N.^O  +  86°)  is  all  the  more  remarkable  because  these  gases  have 
the  same  molecular  weight  =44  (Chap.  IV.  Note  10,  and  Chap.  VII.). 

^'  A  very  characteristic  experiment  of  simultaneous  combustion  and  of  intense 
cold  may  be  conducted  by  means  of  liquid  nitrous  oxide ;  if  liquid  nitrous  oxide  be 
poured  into  a  test  tube  containing  some  mercury,  then  the  mercury  will  solidify,  and  if 
a  piece  of  red-hot  charcoal  be  thrown  upon  the  surface  of  the  nitrous  oxide  it  will  con- 
tinue to  bum  very  brilliantly,  giving  rise  to  a  high  temperature. 

'*  In  the  following  chapter  w^e  shall  consider  the  volumetric  composition  of  the 
oxides  of  nitrogen.  It  explains  the  difference  between  nitric  and  nitrous  oxide. 
Nitrous  oxide  is  formed  with  a  diminution  of  volumes  (contraction),  nitric  oxide  without 
contraction,  its  volume  being  equal  to  the  sum  of  the  volumes  of  nitrogen  and  oxygen  of 
which  it  is  composed.  By  oxidation,  if  it  could  be  directly  accomplished,  two  volumes  of 
nitrous  oxide  and  one  volume  of  oxygen  would  not  give  three  but  four  volumes  of  nitric 
oxide.  These  facts  must  be  taken  into  consideration  in  comparing  the  calorific  equiva- 
lents of  formation,  the  capacity  for  supporting  combustion,  and  other  properties  of  nitrous 
and  nitric  oxides,  N^O  and  NO. 
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combination  with  the  oxygen  ;  hence  in  this  reaction  equal  volumes  of 
nitrogen  and  hydrogen  replace  each  other.  Nitrous  oxide  is  also  very 
easily  decomposed  by  red-hot  metals ;  and  sulphur,  phosphorus,  and 
charcoal  burn  in  it,  although  not  so  brilliantly  as  in  oxygen.  An  equal 
quantity  of  a  substance  in  burning  in  nitrous  oxide  ^evolves  more  heat 
than  in  burning  in  oxygen  ;  which  most  clearly  shows  that  in  the 
formation  of  nitrous  oxide  by  the  combination  of  nitrogen  with  oxygen 
there  was  not  an  evolution  but  an  absorption  of  heat,  there  being  no 
other  source  for  the  excess  of  heat  in  the  combustion  of  substances  in 
nitrous  oxide.  If  a  given  volume  of  nitrous  oxide  be  decomposed  by 
a  metal — for  instance,  sodium — then  there  remains,  after  cooling  and 
total  decomposition,  an  exactly  equal  volume  of  nitrogen  to  that  of 
the  nitrous  oxide  taken  ;  consequently,  the  oxygen  is,  so  to  say,  distri- 
buted between  the  atoms  of  nitrogen  without  producing  an  increase 
in  the  volume  of  the  nitrogen. 


u2 
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CHAPTER  VII 

MOLECULES   AND  ATOMS.      THE   LAWS   OF   GAY-LCSSAC  AND 

AYOGADRO-GERHABDT 

Hydrogen  combines  with  oxygen  in  the  proportion  of  two  volumes  to 
one.  The  composition  by  volume  of  nitrous  oxide  is  exactly  similar — 
it  is  composed  of  two  volumes  of  nitrogen  and  one  volume  of  oxygen. 
By  decomposing  ammonia  by  the  action  of  an  electric  spark  it  is  easy 
to  prove  that  it  contains  one  volume  of  nitrogen  to  three  volumes  of 
hydrogen.  So,  similarly,  it  is  found,  whenever  a  compound  is  decom- 
posed and  the  volumes  of  the  gases  proceeding  from  it  are  measured, 
that  the  volumes  of  the  gases  or  vapours  entering  into  combination 
are  in  a  very  simple  proportion  one  to  another.  With  water,  nitrous 
oxide,  <kc.,  this  may  be  proved  by  direct  observation,  but  in  the  majority 
of  cases,  and  especially  with  substances  which,  although  volatile — that 
is,  capable  of  passing  into  a  gaseous  (or  vaporous)  state  —are  liquid  at 
the  ordinary  temperature,  such  a  direct  method  of  observation  pre- 
sents many  difficulties.  But  then,  if  the  densities  of  the  vapours  and 
gases  be  known,  the  same  simplicity  in  their  ratio  is  shown  by  calcula- 
tion. The  volume  of  a  substance  is  proportional  to  its  weight  and 
inversely  proportional  to  its  density,  and  therefore  by  dividing  the 
amount  by  weight  of  each  substance  entering  into  the  composition  of 
a  compound  by  its  density  in  the  gaseous  or  vaporous  state  we  shall 
obtain  factors  which  will  be  in  the  same  proportion  as  the  volumes  of 
the  substances  entering  into  the  composition  of  the  compound.^     So, 

1  If  the  weight  be  indicated  by  P,  the  density  by  D,  and  the  volume  by  V,  then 

whore  K  is  a  coefficient  depending  on  the  system  of  the  expressions  P,  D,  and  V.  If  D 
be  the  weight  of  a  cubic  measure  of  a  substance  referred  to  the  weight  of  the  same 
measure  of  water — if,  as  in  the  metrical  system  fCliap.  I.  Note  9),  the  cubic  measure  of 
one  part  by  weight  of  water  be  taken  as  a  unit  of  volume — then  K  =  1.  But  whatever  it 
be,  it  is  cancelled  in  dealing  with  the  comparison  of  volumes,  because  comparative  and  not 
absolute  measures  of  volumes  are  taken.  In  this  chapter,  as  throughout  the  book,  the 
weight  P  is  given  in  grams  in  dealing  with  absolute  weights ;  and  if  comparative,  as  in 
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for  exaDiple,  water  coutairts  eight  partu  by  weiglit  of  oxygen  to  ons   | 
part  bj  weight  of  hydrogen,  and  their  denEitiea  are  16  and   1,  con 
quently  their  volumes  (or  the  alwve' mentioned  factors)  1  and  ^,  and    i 
therefore  it  is  seen  without  direct  experiment  that  water  contains  two 
volumes  of  hydrogen  for  every  one  volume  of  oxygen.     So  also,  knc 
ing  that  nitric  oxide  contains  fourteen  parts  of  nitrogen  and  GixteeD 
parts  of  oxygen,  and  knowing  that  the  specific  gravities  of  both  these    < 
gases  are  fourteen  and  sixteen,  we  find  that  the  volumes  in  which  nitro- 
gen and  oxygen  combine  for  the  formation  of  nitric  oxide  are  in  ' 
proportion  of  1 :1.     Consequently,  nitric  oxide  is  a  combination  of  equal 
volumes  of  nitrogen  and  oxygen.     We  will  cite  another  example, 
the  last  chapter  we  saw  that  the  density  of  NO,  only  becomes  constant 
and  equal  to  twenty -three  (referred  to  hydrogen)  above  1 35°,  and  there- 
fore a  method  of  direct  observation  of  the  volumetric  composition  of 
this  substance  would  be  very  difficult  at  so  high  a  temperature.     But 
it  may  be  easily  calculated-     NOj,  as  is  seen  from   its  formula  i 
analysis,  contains  thirty-two  parts  by  weight  of  oxygen  to  fourteen 
parts  by  weight  of  nitrogen,  forming  forty-six  parts  by  weight  of  NOj, 
and  knowing  the  densities  of  these  gases  we  find  that  one  volume  of 
nitrogen  with  two  volumes  of  oxygen  gives  two  volumes  of  nitrogen 
peroxide.     Therefore,  knowing  the  amounts  by  weight  of  the  substances    | 
participating  in  a  reaction  or  forming  a  given  substance,  and  knowing  J 
the  density  of  the  gas  or  vapour,'  the  volumetric  relations  of  the  sub-   [ 
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o  the  denuty  oi  hfdrogBTj,  and 
lie  ceatimetren  nr  cubic  uietree,  An.),  if  it  be  a  niallf 
I,  and  if  it  be  A  miLttciT  uf  chemlo^  trtuiaforuution^— ' 
T  voluiufl  of  VI  Atom  of  hydrogen,  or  of  one  piLrt  by  w« 
unci  all  Tolames  ore  eipreiued  according  to  thwie  anil 
<  of  lapoarB  and  g&KB.  next  to  the  reUtiooB  of  subatonoe* 
uai  province  of  chemioal  learning  and  the  most  imiiortuit 
tneuiB  for  the  attiiiunienl  of  chemicftl  coaclasiona,  uid  inunmoh  aa  theee  volume 
relations  ore  determined  by  the  denaitiea  of  goeea  and  vapours,  therefore  the  methodft 
ot  determining  the  densities  of  vapourH  (on'l  also  of  goHea)  form  important  meuia 
ill  chemical  reaeomh.  Theso  methods  ore  described  in  detail  in  workn  on  phj'AicH  and 
physical  and  analytical  cbeinlBtry,  and  therefore  we  here  only  touch  on  tliu  genet&l 
principles  ot  the  subject. 

If  we  know  the  weifilit  p  and  volume  i;  occupied  by  the  vupoDr  ol  a  given  ■abataoM 
at  a  temperature  t  and  prcsHure  /(,  then  its  deneity  may  be  directly  obtained  hy  dividing 
p  by  the  weight  ol  a  volume  v  of  hydrogen  (if  the  density  be  eipreHoed  according  U 
hydrogrn.  lie  Chap.  IL  Note  33)  at  t  and  h.    Benvu,  the  methods  of  delcrmining  tlM 
density  nf  vapours  and  goaea  are  baaed  on  the  determination  of  p,  p,  t,  and  h.     The  tWi 
lost  data  (the  temperatnre  t  and  presaure  h)  are  given  hy  the  thermometer  and  borometar    | 
and  the  helgbta  ot  mercury  or  other  liquid  coDfiDing  the  gas,  and  therefore  do  n 
require  further  eiplonation.     It  need  only  be  remarked  that :  <1)  In  the  case  of  easily   I 
roUlile  liquids  there  ia  no  difBcolty  in  procuring  a  bath  with  a  conatant  tempemCurai   f 
but  that  it  is.  neverthelewi.   beat  (eapecially  oonaidering  the   inaccuracy   of  tbermoir   j 
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stances  acting  in  a.  reaction  or  entering  into  tlio 
pound,  may  be  also  determined. 


.ion  of  a.  com^^^H 


Bodioin  «cetiite,  melting  &t 
Gontwning  the  HabBtnnce  tc 
definite  teiiiii«ri.liiiei  uid,  1 


d  tbeiefora  to  take 
1  at  0°  or  cryntalgjot 
BU° — or,  u  in  mora  generallj  pritetiued,  to  place  the  veaiel 
je  experimentefl  with  in  the  vapour  of  o  liquid  boiling  at  ft 
owing  the  preuure  under  which  it  in  bailing,  to  determine 
.r.  For  this  purpcce  the  boiling  points  of  water  at  diflemnC 
pressures  ere  given  in  Chap.  I.  Note  11,  and  the  boilingpointB  of  rertain  eaeilj  proi;i)r«blB 
liqaida  at  various  preRAuree  are  given  in  Chap.n.Note27.  {2)  With  respect  Ut  tempera- 
tares  above  300°  (helow  which  mercurial  thermometeie  maf  b«  ccnvenientl;  employed), 
they  are  moet  eimplf  obtained  conataat  (to  give  time  lor  the  weight  and  voluine  of  a 
BUbstanc*  buing  observed  in  a  given  apace,  and  to  allow  that  npuce  to  ottiiin  the  calcu- 
lated temperature  I)  bj  means  of  suhstimceB  boiling  at  a  high  temperature.  Thua,  (or 
initaDoe,  at  the  ordinary  ntmoapheric  pressare  the  tempemlare  t  of  the  Taponr  of 
sulphur  in  about  4Ui°,  of  phosphonia  penUtaulpbide  61H°,  of  tin  chloride  60U°,  of  cad- 
mium 770'^.  of  £iuo  UaD°  liiccording  toVioUe  and  others),  or  1040^  (lurcordiiig  lo  DeviUeJ, 
&«.  (3)  The  indications  of  the  hydrogen  thermometer  must  Iw  considisreil  as  the  moat 
exact  [bat  hydrogen  difluses  tliroagh  ignited  platiimm,  and  therefore  nitrogen  is  then 
employed),  (i)  The  temperature  of  the  vapouti  used  an  the  bath  ahauld  in  every  ewe 
be  aeveral  degrees  higher  thui  the  boiling  point  of  the  liqnid  whose  density  [i  to  be 
determined,  in  order  that  no  portion  should  remain  in  a  liqaid  state.  Bat  even  in  this 
case,  as  is  Been  from  the  example  of  nitric  peroxide  (Chap.  YI.I.  the  vapoor  density 
does  not  always  remain  constant  with  a  change  of  t,  u  it  shnuld  were  the  U«  of  the 
expansion  of  gases  and  vapours  absolutely  exact  (Chap.  II.  Note  Sff).  If  variations  of 
a  chemical  and  physical  nature  similar  to  that  which  we  saw  in  nitric  peroiide  take 
place  in  the  vapoars,  the  main  interest  ia  centred  in  amttaHt  denuties,  which  do  not 
vary  with  I,  and  therefore  the  possible  effect  of  <  on  the  deosity  must  always  ha  kept 
in  mind  in  having  recourse  to  this  means  of  investigation.  (5)  Usually,  for  the  sake  of 
conrenience  of  observation,  the  vapour  density  is  determined  at  the  ntmoHpherio  prea- 
BUrc  which  is  read  on  the  barometer  i  but  in  the  case  of  snbstauces  which  are  volati- 
llBetl  with  difflculty,  and  also  of  sahslances  which  decompose,  or,  in  general,  vary  at 
temperatures  near  their  boiling  points,  it  is  best  or  indicpeoHoble  to  conduct  the  deter- 
mination at  low  presaures,  whilst  (or  sahstAQces  which  decompose  nt  low  pressarea  the 
observations  have  to  be  conducted  under  a  more  or  loss  considerably  increased  presanre. 
(S)  In  many  esses  it  is  conveaient  to  determine  the  vapour  density  of  a  substance  in 
admiitnre  with  other  gases,  and  consequently  under  the  partial  pressure,  which  may  be 
fonnd,  knowing  the  volume  of  the  mixtore  and  that  of  the  intermixed  gas  {tee  Chap.  1. 
Note  1).  This  method  is  especially  important  lor  gnhstancea  which  are  easily  decom- 
posable, 1>ecanse,  judging  by  the  phenomena  of  dissociation,  a  substance  ia  able  to  remain 
nnclianged  in  the  atmOHphere  lit  one  of  its  products  of  decomposition.  Thus,  Wnrtx 
determined  the  density  of  phosphoric  chloride,  FCIj,  in  admixture  with  the  vapoar  of 
phosphorous  chloride,  FCIj.  (T)  It  iu  evident,  from  the  example  of  nitric  pero>ide,that  a 
change  of  pressnre  may  alter  the  density  and  aid  decomposition,  luid  tlieretore  idenUcaJ 
results  ore  sometimen  attained  (if  the  denuty  he  variabie)  by  raising  (  and  lowering  A  ; 
hot  i!  the  density  does  not  vary  nnder  these  variable  conditions  (at  least,  not  to  on 
observable  degree  exceeding  the  limits  of  experimental  error],  then  this  comtanl  density 
indiuates  the  ^uarToua  nndiniiariabU  state  ol  a  substance.  The  laws  hereafter  Ujd  down 
refer  only  to  snch  vapour  densitiea.  But  the  majority  of  volatile  substances  show  each 
a  constant  density  at  u  certain  distance  Irom  their  bailing  points  up  to  the  starting  point 
of  decomposition.  Thua,  the  density  of  fujueons  vapoor  does  not  vary  for  I  between 
the  ordinary  teniperature  and  lUOO"  (there  are  no  trustworthy  determinations  beyond 
tliio)  and  for  prusHnres  varying  frmn  fractions  of  an  atmosphere  up  to  several  ntnui. 
■pheres.     If.  howtver,  the  density  does  vary  considerably  with  a  variation  of  h  and   I, 
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Such  an  investigation  (either  direct,  or  by  calculation  from  the  densi- 
ties and  compoaition)  o(  every  chemical  reaction,  resulting  in  the  fonna- 

the  tact  may  wrv«  u  K  guidin);  Btrine  lor  tiie  mreBtigatioii  □(  the  chumicnl  changes 
which  ue  underguae  hy  the  HubntuDCc  in  a  Btato  of  vit]Kiiir.  or,  at  leiuC,  an  lui  indi- 
Cfttinn  of  inlaviitian  (rom  lholaw«of  Boyle,  Mnriolle,  wid  Ghj-Lbmbc  (tor  the  eipausion 
ol  gues  from  ()-  ^  wrtnin  cues  Uie  sepiintion  ut  une  lorm  of  devintiau  from  the  other 
maj  be  eipliiined  by  Hpeciul  tifpotheees. 

With  respect  to  Ihe  uiuuis  of  detemiining  ji  uid  n,  vitb  n  vieir  to  finding  the  vapuui 
donnty,  «e  mw.y  distingDisb  three  chief  metbodB:  (fl)  by  weight,  by  iwcertiiiaiag  thu 


penCori.-  ii  [)cicniilai<l. 


weight  of  ■  definite  volome  of  viipour ;  (Ji)  by  volume,  by  tneasuriug  the  volume  omapied 
by  the  vupouT  of  a  definite  weight  uf  &  anbetuice ;  wad  (c)  b;  disiiliuemeiit.  Tlie  lut- 
Bientitint-d  in  essentially  volamctric,  bec&aae  a,  known  weight  of  a  substance  is  taken, 
uid  the  vnlaine  of  the  uir  diepteced  by  the  vapour  at  a  given  (  and  h  is  determined. 

The  method  by  weight  (a)  is  the  most  truitwurlhy  and  biitorioally  iinporlaut.  £>UM(u' 
mtlhod  in  typical.  An  ordinary  spheiicnl  kIomk  or  itotceUin  vessel,  like  Ibone  shown 
l^spectively  in  figs.  E3  and  ES,  is  taken,  nnd  an  exue«ii  of  the  sabatance  to  be  eipeiimented 
upon  is  inCroduDed  into  iL  The  vemel  is  healed  tu  a  tempemlnra  I  higher  than  the  boil- 
ing point  of  the  Uqnid;  this  gives  a  vaponr  which  drnplacas  the  air,  and  fill*  the  «i>he- 
ricol  space.  When  the  ait  and  vapour  ceaae  escaping  from  the  sphere,  it  is  fnsed 
ap  or  cloned  by  some  means;  and  when  cool,  the  weight  of  the  vapour  remainin|[ 
in  the  sphere  is  determined  {either  by  direct  weighing  of  (he  vessel  with  the  vi^ioiir 
and  liitiudncing  the  necessary  uorreotiuns  for  the  weight  of  the  lui  and  of  the  vapom 
itself :  or  the  weigbt  ol  the  Toiatihsed  substance  is  determined  by  chemical  methods), 
and  the  volume  ol  the  vapour  at  (  and  the  bamroetrio  pressure  h  is  then  caJcolated. 
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tion  of  definiwr  chemical  compianda.  shows  that  the  vommes  oi  the  react- 
ing  substances  in  a  ga«#roiw  or  Tap«>roiis  state  are  either  equal  or  are  in. 

The  volumetric  metfujfi,  b*  ortijinaily  emplnred  hjthkj-Laaat^c  md  tiutn  mi^iined  bv 
Hofmann  and  otlu^n*,  ix  h«M«»<l  on  the  principle  ihas  *  WHifduni  luantty  of  ui«r  lii|iiid  to 
b«  ezperim«nt«^  with  ■  placed  in  .i.  sunall  (ringed  rt^n^eL  which  .*  -Mimetinitf*}  fns*fi  xltj  before 


:    1 


fttf.  M.  }fi>1ni^na\  apiAratiu  for 
tUrUntnuUm  vafirmr  d^n^itie*.  Th*^ 
ioU'TrtAl  t [J ?«#•,&> jont  one  ni»-trer  lonr, 
whf/'h  U  '-ali)yrat«*J  uhI  fjrra4nat«(l, 
Iji  fllJ*?'!  with  »j#*rcnry  an«l  inrert**l 
In  ft  rriTr-nry  hatli.  A  lonall  hotf  le 
(tUsjiUietl  in  itf*  natural  »iz/^  on  tho 
Wt;  r>/intainin((  a  wf^itfhtil  quantity 
i^tht"  liqtji'l  whtimy^iiimr  d^nidty  ii^ 
t/>  ^l«;  (I'ftfrnnined,  ix  intn>lac'->1  into 
th*r  TifTrUrf.lWtkti  vamarn.  .Su^uni, 
r»r  tfi*r  rttpttur  of  amyl  alcr>)ioU  Ac, 
In  {itM*/-'!  thron((h  thft  rmTtr  tubf , 
ari'l  h#«t*  f.h*j  inu^mal  tiiU-  t/»  tli#f 
t^mjj^-raturft  f,  at  which  thi-  Toluine 
of  T»i>/rtjr  l*  in#«»urf^l. 


\ 


i 


ar 


-Maerm 


Flo.  55. — Victor  Mey«rr*?  itpfam'u-  f-^r 
'letenninini^  vap«tur 'irrn-i •:.-».  ILt 
tube  *  i."*  heat^l  in  tLt*  v:ij<-.r  ••! 
a  liQui'i  ('{  con.-<taut  U>iiii;_'  i-«int. 
A  jrlarf*  tr.t-*,  ri.ntaii:iriL'  tL».-  lifaM 
to  he  *^J)*:r\Bti>ute(i  'jp»'n.  i*  r:j;;-#-'l 
to  fall  from '/.  The  air  d:-i)'.a<  »1  is 
rolIoct«?«l  in  th^  cjlir.'i.r  riu  th-:: 
trrMitrh/. 


WftiK^iin^,  Mn\  wh'uh,  if  quit*?  full  of  thf  liqairl,  break**  when  heated  in  a  va<niim  i«;  intro- 
dnced  into  a  f(rHt\unU't\  cylinder  Ijeaterl  t*")  /,  or  hiinply  into  u  Torricellian  vaonnm.  a)» 
Mhown  in  i'n(.  Tti,  and  tlie  nunilwir  of  volumen  occupied  ))y  the  vajK»nr  nott«l  \vh»'n  the 
Hpiutti  holding  it  in  lieated  to  the  desired  temperature  t. 

The  method  of  dUplareinent  (c)  ixropof ed  by  Victr>r  Meyer  ift  ba<:ed  en  the  fact  that  u 
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simple  multiple  proportion.'     Tliis  forma  ihejirift  law  of  those  discovered    ] 
hy  GayLtMnae.    This  law  may  be  formulated  ns  follows;  TheamonnUof  I 
atthtttaiKM  entvriny  into  cltemical  reaction,  oeinipy  under  gimilar  phyaieril   j 
eondilioru,  in  a  ffaseaiig  or  vaporouii  utate,  «/«o7  or  multipU  vobiTnti.    1 
This  law  aot  only  refers  to  elements,  but  also  to  compounds  entering- 
into  mutual  chemical  combination  ;  thus,  for  example,  one  volume  of    ' 
nnimonia  gas  combines  with  one  volume  of  hydrogen  chloride.     For  in 
theformationof  sal-ammoniac, NH^Cl,  there  enters  into  reaction  ITparts     , 
by  weight  of  ammonia,  NH,,,  which  is  Sii  times  denser  than  hydrogen,     i 
and  3G-5  parts  by  weight  of  hydrogen  chloride,  whose  vapour  density  is 
18j  times  that  of  hydrogen,  as  has  Ijeen  proved  by  direct  experiment.     , 
By  dividing  the  weights  by  the  respective  densities  we  find  that  the 
volume  of  ammonia,  NHj,  is  ei]Unl  to  two,  and  so  also  the  volume  o( 
hydrogen  chloride.     Hence  the  volumes  of  the  compounds  which  hero 
■combine  together  are  eciual  to  each  other,     By  taking  into  considera- 
tion that  the  law  of  Gay-Lussac  holds  good,  not  only  for  elements,  but 
also  for  compounds,  it  should  l>e   expressed    as   follows  i    Substancet 
inl-eract  icilh  one  ano/her  in  coinmensuraiili-  volumeH  o/their  va})ovr».* 

■pace  b  it  hpited  to  a  eonaUnt  lempeiBlnrB  (  fbj  the  trarmundinit  yapoura  of  a  liquid  o( 
conatant  boiling  point),  and  IhB  air  (or  other  gaa  Biicloaed  in  this  space)  ia  allowed  to 
atttuD  Ihia  Umperolare.  and  vbon  it  tins  done  so  a  xlaaa  bulb  containing  a  weighed  quun-    i 
U»r  of  the  liquid  to  be  experimentad  with  iadropped  into  the  apace.    The  llqaid  ia  imtne- 
diatel;  cmiTeited  into  TapoDr.'ond  diaplacea  the  air  into  the  graduated  ojliiider  e.     Tit*    J 
aniODnt  of  thin  air  ia  calcalated  [totd  its  volnme.  and  ooaaequently  the  volome  at  t,  and.    ] 
therefore,  alao  the  volume  occupied  b;  the  vapoor,  ia  found.     The  general  ammgement    I 
of  the  appBratua  ia  given  in  tig.  IS.  I 

'  Tiponra  and  gaua,  u  was  erplained  in  the  mptaxi  chapter,  are  aubjeut  to  the  samB 
laws,  wliich  are,  bowerer,  only  approiimate.  It  is  evident  that  lor  the  deduction  of  the  . 
hiws  whirh  will  preMntly  be  enunciated  it  ia  only  pfwulUe  to  talie  into  consideration  a 
perfect  puwoBa  slate  (ramored  from  the  liquid  atate)  and  'chemical  invariability  in 
which  the  vapoar  dttnily  u  cona/an(— that  is,  the  volume  o(  a  given  gaa  or  lapooe 
varies  like  a  volume  of  hydrogen,  air,  or  other  gaa,  with  the  preaaure  and  temperatnr*. 

It  is  ueoesaary  U>  make  this  statement  in  order  (hat  it  nwy  be  clearly  aeen  that  tho    j 
laws  of  gaseoaa  rolnmes,  presently  to  be  described,  are  in  the  moat  iotimale  connec- 
tion with  the  lawH  of  the  variations  nl  volumes  with  proanuie   and   temperature.     And 
aa  these  latter  Uwa  fCbap.  H.)  are  not  inlallible  but  only  approiimately  exact,  the  sam«. 
therefore,  appliea  to  the  laws  preaently  to  be  deacribed.   And  as  it  ia  possible  to  find  mow 
enact  laws  (a  sw^md  appmximationl  for  the  tariation  of  c  with  p  and  (  (for  eaample. 
Van  der  Waola'  lormnU.  Chap.  II.  Note  39),  ao  aUn  a  more  exact  etprexiion  of  tb»     1 
relation  between  the  composition  and  the  density  of  vapoura  and  gasea  ia  alao  poaaible.    j 
But  to  prevenl  nnv  doubt  arising  at  the  very  beginning  aa  to  tlie  breadth  and  general    ' 
application  of  the  laws  of  volumes,  it  will  be  auflloient  to  mention  that  the  density  of    ^ 
nneh  gasea  a^  oxygen.  nilrogBn,  and  oarbonic  anhydride   ia  already  known  to  remati^ 
fonifani  (within  the  limits  of  experimental  error)  between   the  urdinary  temperatun 
and    a  white  heat;   whilst,  judging  trom  what  it  aaid  in  uiy  work  on   the 'Tension 
of  daacs'  iTol.  i.  p.  HI.  it  may  be  aaid  that,  as  regards  prnsaure,  the  density  remain*   3 
very  eonalant  even  when  the  deviations  from  Hariotte's  law  are  very  ronsidenble.  How-    j 
ever,  in  thit.  reipect  the  number  of  data  is  yet  too  small  (ot  forming  an  exact  coDolnaina.  A 

*  Wemualreuollecllhat  this  law  is  only  approximate,  like  BoylesndMariotle'aUw,  1 


298  PRINCIPLES  OF  CHEMISTRY 

m 

The  law  of  combining  volumes  and  the  law  of  multiple  proportions 
were  discovered  independently  of  each  other — ^the  one  in  France  by 
Oay-Lussac,  the  other  in  England  by  Dalton,  almost  simultaneously. 
In  the  language  of  the  atomic  hypothesis  it  may  be  said  that  atomic 
quantities  of  elements  occupy  equal  or  multiple  volumes. 

The  first  law  of  Gay-Lussac  expresses  the  relation  between  the 
volumes  of  the  component  parts  of  a  compound ;  let  us  now  consider 
the  relation  ousting  between  the  volumes  of  the  component  parts  and 
of  the  compounds  which  proceed  from  them.    This  may  sometimes  be 
determined  by  direct  observation.   Thus  the  volume  occupied  by  water 
formed  by  two  volumes  of  hydrogen  and  one  volume  of  oxygen,  may  be 
determined  by  the  aid  of  the  apparatus  shown  in  fig.  56.     The  long 
glass  tube  is  closed  at  the  top  and  open  at  the  bottom,  which  is 
immersed    in    a    cylinder    containing  mercuiy.     The    closed   end   is 
furnished  with  wires  like  a  eudiometer  (p.  168).     The  tube  is  filled  with 
mercury,  and  then  a  certain  volume  of  detonating  gas  is  introduced. 
This  gas  is  obtained  from  the  decomposition  of  water,  and  therefore  in 
eveiy  three  volumes  contains  two  volumes  of  hydrogen  and  one  volume 
of  oxygen.    The  tube  is  surrounded  by  a  second  and  wider  glass  tube,  and 
the  vapour  of  a  substance  boiling  above  100** — that  is,  whose  boiling  point 
is  higher  than  that  of  water — is  passed  through  the  annular  space  be- 
tween them.     Amyl  alcohol,  whose  boiling  point  is  132°,  may  betaken 
for  this  purpose.     The  amyl  alcohol  is  boiled  in  the  vessel  to  the  right 
hand  and  its  vapour  passed  between  the  walls  of  the  two  tubes.     In  the 
case  of  amyl  alcohol,  the  outer  glass  tube  would  be  connected  with  a 
condenser  to  prevent  the  escape  into  the  air  of  the  unpleasant- smelling 
vapour.    The  detonating  gas  is  thus  heated  up  to  a  temperature  of  132°. 
When  its  volume  becomes  constant  it  is  measured,  the  height  of  the 
column  of  mercury  in  the  tube  above  the  level  of  the  mercury  in  the 
cylinder  being  noted.     Let  this  volume  equal  v  ;  it  will  therefore  con- 
tain ^  V  of  oxygen  and  §  t?  of  hydrogen.     The  current  of  vapour  is 
then  stopped,  the  open  end  of  the  tube  filled  with  mercury,  and  then 
dosed,  and  the  gas  exploded  ;  water  is  formed,  which  condenses  into  a 
liquid.     The  volume  occupied  by  the  vapour  of  the  water  formed  has 
now  to  be  determined.     For  this  purpose  the  vapour  of  the   amyl 
alcohol  is  again  passed  between  the  tubes,  and  the  whole  of  the  water 
formed  is  converted  into  vapour  at  the  same  temperature  as  that  at 
which  the  detonating  gas  was  measured,  and  the  cylinder  of  mercury 
being  raised  until  the  column  of  mercury  in  the  tube  stands  at  the  same 
height  above  the  surface  of  the  mercury  in  the  cylinder  as  it  did  before 

and  that,  therefore,  exact  expressiona  may  be  found  for  the  exceptions  which  occur  to  its 
application. 
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The  liiw  of  combining  volumes  and  the  law  of  multiple  proportions 
were  discovered  independently  o£  each  itther— the  one  in  France  by 
Gay-Lussac,  the  other  iii  Eugland  by  Dalton,  almost  simultaneously. 
In  the  language  of  the  atomic  hypothesis  it  may  be  said  that  atomic 
quantities  of  elements  occupy  equal  or  multiple  volumes. 

The  first  law  of  tiay-Lussac  expresses  the  relation  between  the 
volumes  of  the  component  parts  of  a  compound ;  let  ua  now  consider 
the  relation  existing  between  the  volumes  of  the  component  parts  and 
of  the  compounds  wbicb  proceed  from  them.  This  may  sometimes  be 
determined  by  direct  observation.  Thus  the  volume  occupied  by  water, 
formed  by  two  volumes  of  hydrogen  and  one  volume  of  osj-gen,  may  be 
determined  by  the  aid  of  the  apparatus  shown  in  fig.  56.  The  long 
glass  tube  is  closed  at  the  top  and  oj>en  at  the  bottom,  which  is 
immersed  in  a  cylinder  containing  mercury.  The  closed  end  is 
furnished  with  wires  like  a  eudiometer  (p.  1 6S).  The  tube  is  tilled  with 
mercury,  and  then  u  certain  volume  of  detonating  gas  is  introduced. 
This  gas  is  obtained  from  the  decomposition  of  water,  and  therefore  in 
every  tiiree  volumes  contains  two  volumes  of  hydrogen  and  one  volume 
of  oxygen.  The  tube  is  surrounded  by  a  second  and  wider  glass  tube,  and 
thevapour'of  a  substance  boiling  above  100°— that  is,  whose  boiling  point 
is  higher  than  that  of  water — is  passed  through  the  annular  space  be- 
tween them.  Amyl  alcohol,  whose  boiling  point  is  1 33°,  may  be  taken 
for  this  purpose.  The  ainyl  alcohol  ia  Ijoiled  in  the  vessi;!  to  the  right 
hand  and  its  vapour  passed  between  the  walls  of  the  two  tubes.  In  the 
case  of  amyl  alcohol,  the  outer  glass  lube  would  be  connected  with  a 
condenser  to  prevent  the  escape  intfl  the  air  of  the  unpleasant- smelling 
vapour.  The  detonating  gas  is  thus  heated  up  to  a  temperature  of  132°, 
When  its  volume  becomes  constant  it  is  measured,  the  height  of  the 
column  of  mercury  in  the  tulie  above  the  level  of  the  mercury  in  the 
cylinder  being  noted.  Let  this  volume  equal  v ;  it  will  therefore  con- 
tain i  -u  of  oxygen  and  \v  \A  liydrogen.  The  current  of  vapour  ia 
then  stopped,  the  open  end  of  the  tube  filled  with  mercury,  and  then 
cl<«ed,  and  the  gas  exploilcd  ;  water  is  formed,  which  condenses  into  a 
liquid.  The  volume  occupied  by  the  vapour  of  the  water  formed  has 
now  to  be  determined.  For  this  puj-pose  the  vapour  of  the  amyl 
alcohol  is  again  passed  between  the  tubes,  and  the  whole  of  the  water 
formed  is  converted  into  vapour  at  the  same  temperature  as  that  at 
which  the  detonating  gas  was  measured,  and  the  cylinder  of  mercuiy 
being  raised  until  the  column  of  mercury  in  the  tube  stands  at  the  same 
height  above  the  surface  of  the  mercury  in  the  cylinder  as  it  did  before 

Bnd  tb&t,  tlierefore,  eioct  enpieBBiuiiK  uiuy  be  Fuuml  loi  the  exeeiitioim  wliii^h  Di^eur  to  JtH 


300  PRINCIPLES  OF  CHEMISTRY 

the  explosion,  it  is  found  that  the  volume  of  the  water  formed  is  equal  to 
two- thirds  v — that  is,  it  is  equal  to  the  volume  of  the  hydrogen  contained 
in  the  water.  Consequently,  the  volumetric  composition  of  water  should 
be  expressed  in  the  following  terms :  Two  volumes  of  hydrogen 
combine  with  one  volume  of  oxygen  to  form  two  volumes  of  aqueous 
vapour.  For  substances  which  are  gaseous  at  the  ordinary  tempera- 
ture, this  direct  method  of  observation  is  sometimes  very  easily  con- 
ducted ;  for  instance,  with  ammonia,  nitric,  and  nitrous  oxides.  Thus 
to  determine  the  composition  by  volume  of  nitrous  oxide,  the  above- 
described  apparatus  may  be  employed.  Nitrous  oxide  is  introduced 
into  the  tube,  and  having  measured  its  volume  a  series  of  electric 
sparks  are  passed  through  the  gas,  and  it  is  found  that  two  volumes  of 
nitrous  oxide  give  three  volumes  of  gases — namely,  two  volumes  of 
nitrogen  and  one  volume  of  oxygen.  Consequently,  the  composition  of 
nitrous  oxide  is  similar  to  that  of  water  :  two  volumes  of  nitrogen  and 
one  volume  of  oxygen  give  two  volumes  of  nitrous  oxide.  By  decom- 
posing ammonia  it  is  found  to  be  composed  in  such  a  manner  that  two 
volumes  give  one  volume  of  nitrogen  and  three  volumes  of  hydrogen  ; 
also,  two  volumes  of  nitric  oxide  are  formed  by  the  union  of  one  volume 
of  oxygen  with  one  volume  of  nitrogen.  The  same  may  naturally  be 
proved  by  calculation  from  the  vapour  densities,  as  was  described  above  ; 
hence  the  composition  by  volume  of  vapours  may  be  determined  in  the 
simplest  manner,  if  their  density,  composition,  and  the  densities  of  the 
component  parts  are  known.  Thus,  according  to  Thomsen,  the  density 
of  NO  referred  to  hydrogen=15,  and  it  contains  14  parts  of  nitrogen, 
and  16  parts  of  oxygen  in  30  parts  ;  hence  the  volumetric  composition 
is  1  volume  of  nitrogen  and  1  volume  of  oxygen  in  2  volumes  of 
nitric  oxide. 

Comparisons  of  various  results  made  by  the  aid  of  direct  observa- 
tions or  calculation,  an  example  of  which  has  just  been  cited,  led  Gay- 
Lussac  to  the  conclusion  that  the  volume  of  a  compound  in  a  gaseous  or 
vaporous  state  is  always  in  simple  multiple  proportion  to  the  volume 
of  each  of  the  component  parts  of  which  it  is  formed  (and  consequently 
to  the  sum  of  the  volumes  of  the  elements  of  which  it  is  formed).  This 
is  the  second  law  of  Gay-Lussac^  which  indicates  the  simplicity  of  the 
volumetric  relations  existing  for  compounds,  which  is  of  the  same 
nature  as  that  shown  by  the  elements  entering  into  mutual  combina- 
tion. Hence  not  only  the  substances  forming  a  given  compound,  but 
also  the  substances  formed,  exhibit  a  simple  relation  of  volume  when 
as  vapour  or  gas.* 

*  This  socond  law  of  volumes  may  be  considered  as  a  consequence  of  the  first  law. 
The  first  law  requires  simple  ratios  between  the  volumes  of  the  combining  substances  A 
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When  a  compound  is  formed  from  two  or  more  components,  tliere 
is  or  is  not  a  contraction  ;  the  volume  of  the  acting  substances  is  in 
this  case  either  equal  to  or  greater  than  the  volume  of  the  resultant 
compound.  The  reverse  is  naturally  observed  in  the  case  of  decom- 
positions, when  from  one  substance  there  are  produced  several  of 
simpler  nature.  Therefore  in  the  future  we  shall  term  combination 
a  reaction  in  which  a  contraction  is  observed — that  is,  a  diminution  in 
the  volume  of  the  component  bodies  in  a  state  of  vapour  or  gas  ;  and 
we  shall  term  deooinposition  a  reaction  in  which  an  expansion  is  pro- 
duced ;  while  those  reactions  in  which  the  volumes  in  a  gaseous  or 
vaporous  state  remain  constant  (the  volumes  being  naturally  com- 
pared at  the  same  temperature  and  pressure)  we  shall  term  reactions 
of  substitution  or  of  replacement  or  of  double  decomposition.  Thus 
the  transition  of  oxygen  into  ozone  is  a  reaction  of  combination,  the 
formation  of  nitrous  oxide  from  oxygen  and  nitrogen  will  also  be  a 
combination,  the  formation  of  nitric  oxide  from  the  same  will  be 
a  reaction  of  substitution,  the  action  of  oxygen  on  nitric  oxide  a 
combination,  and  so  on. 

The  degree  of  contraction  proceeding  in  the  formation  of  chemical 
compounds  not  unfrequently  leads  to  the  possibility  of  distinguishing 
the  degree  of  change  which  takes  place  in  the  chemical  character  of 
the  components  when  combined.  In  those  cases  in  which  a  contrac- 
tion takes  place,  the  properties  of  the  resultant  compound  are  very 
different  from  the  properties  of  the  substances  of  which  it  is  composed. 
Hence  ammonia  bears  no  resemblance  in  its  physical  or  chemical 
properties  to  the  elements  from  which  it  is  derived  ;  a  contraction  takes 
place  in  a  state  of  vapour,  and  consequently  approachment  of  parts^* 
the  distance  between  the  atoms  is  diminished,  and  from  gaseous  sub- 
stances there  is  formed  a  liquid  substance,  or  at  least  one  which  is 
easily  li(|uelied.  For  this  reason  nitrous  oxide  formed  by  the  conden- 
sation of  two  permanent  gases  is  a  substance  which  is  somewhat 
easily  converted  into  a  liquid  ;  again  nitric  acid,  which  is  formed 
from  elements  which  are  permanent  gases,  is  a  liquid,  whilst,  on  the 
contrary,  nitric  oxide,  which  is  formed  without  contraction  and  is  de- 
composed without  expansion,  remains  a  gas  which  is  as  difficult  to 
liquefy  as  nitrogen  and  oxygen.     In  onler  to  obtain  a  still  more  com- 

aiul  li.  A  snbstanco  AI3  is  prcxluced  by  their  combination.  It  may,  according  to  the 
law  of  multiple  proportion,  combine  not  only  with  substanceR  C,  D,  itc,  but  also  with  A 
iiiul  with  B.  In  this  new  combination  tlie  volume  of  AB^  combining  with  the  volume  of 
A,  Bh<ml<l  be  in  simple  multiple  proportion  with  the  volume  of  A  ;  hence  the  volume  of 
the  c()niiM>an(l  AB  is  in  simple  pro^wrtion  to  the  volume  of  its  comjxment  parts.  There- 
fore, only  one  law  of  volumes  need  be  accepted.  We  sliall  afterwards  see  that  the  third 
liiw  of  volumes  may  also  embrace  in  itself  the  two  iinit  laws. 
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pleUs  idea  of  the  dependence  of  the  properties  of  a  compound 
properties  of  the  component  substances,  it  is  further  necessary  to  know 
the  quantity  of  heat  which  is  developed  in  the  formation  of  the  com- 
pound. If  this  quantity  be  large— lis,  for  esaniple  in  the  fonnation  of 
water  — tlien  the  amount  of  energy  in  the  resultant  compound  will  be 
considerably  less  than  the  energy  of  the  elements  entering  into  its  com- 
position ;  -whilst,  on  the  contrary,  if  the  aynouiit  of  heat  evolved  in  the 
formation  of  a  compound  be  small,  or  if  there  even  be  an  absorption 
of  heat,  as  in  the  formation  of  nitrous  oxide,  then  the  energy  of  the 
elements  is  not  destroyed  or  is  only  altered  to  a  slight  extent ;  lience, 
notwithstanding  the  contraction  (compression)  involved  in  its  forma- 
tion, nitrous  oxide  supports  combustion. 

The  preceding  laws  were  deduced  from  purely  experimental  and 
empirical  data,  am)  as  such  evoke  further  consetjueiices,  as  the  law  of 
multiple  proportions  evoked  the  atomic  theory  and  the  law  of  e<|uivii- 
leuta  (Chapter  IV.).  In  point  of  view  of  the  atomic  conception  of  the 
conslitution  of  substances,  the  question  naturally  arises  Os  to  what 
then  are  the  relative  volumes  proper  to  those  physically- indivisible 
molecules  which  chemically  react  on  each  other  and  consist  of  the 
atoms  of  elements.  The  simplest  possible  hypothesis  in  this  respect 
would  be  that  the  volumes  of  the  molecules  of  aubatances  are  equal ;  or, 
what  is  the  same  thing,  to  suppose  that  equal  volumes  of  vapours  and 
gases  contain  an  equal  number  of  molecules.  This  proposition  was 
first  enunciated  by  the  Italian  savant,  Avogiidro,  in  1810  It  was 
also  admitted  by  the  French  pliysico- mathematician,  Am/m-e  (1815), 
for  the  sake  of  simplifying  all  kinds  of  physico- mathematical  conc«p- 
tiona  respecting  gases.  But  Avogadro  and  Ampere's  propositions  were 
not  generally  received  in  science  until  Gerliardt  in  the  forties  bad 
applied  them  to  the  generalisation  of  chemical  reactions,  and  had 
demonstrated  by  aid  of  a  series  of  phenomena  that  the  reactions  of 
substances  are  actually  accomplished  with  the  greatest  simplicity,  tyid 
befoi-o  all,  that  such  reactions  take  place  between  those  quantities  of 
substances  which  occupy  equal  volumes,  and  until  he  had  stated  the 
hypothesis  in  an  exact  manner  and  deduced  the  consequences  tliat 
necessarily  flow  from  it.  Following  Oerhanlt,  Clausius,  in  the  fifties, 
placed  the  hypothesis  of  the  equality  of  the  number  of  molecules  in 
equal  volumes  of  gasea  and  vapours  on  the  liasia  of  the  kinetic  theory 
of  gases.  Since  then  the  hypothesis  of  Avogadro  and  Gerhardt  has 
become  the  basis  of  contempomry  physical,  mechanical,  and  chemical 
conceptions  ;  the  consequences  arising  from  it  have  often  been  subject 
to  doubt,  but  in  the  end  have  been  verified  by  the  most  diverse  methods, 
and  now,  when  all  efforts  to  refute  those  consequences  have  proved 
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fruitless,  the  hypothesis  must  be  considered  as  Terified,^  and  tlie  law  ij/"   ' 
Avogadr o-Cerhanh  must  bf  spoken  of  as  fundamental,  and  as  of  great 
importance  for  the  conipreliension  of  the  phenomena  of  nature.     The    | 
hiw  may  now  be  formulated  in  two  aspects.     In  the  first  place,  from  n    , 
physical  aspect :  equal  volumes  of  gases  (or  vapours)  at  equal  tempera- 
tures and  pressures  i^ontain  an  equal  nuTn&er  of  mo/ecvles — or  of  such 
quantities  of    matter  which  are  neither  ntechanically  nor  physically 
divisible  —previous  to  rhemical  change.     In  the  second  place,  from  a 
chemical  aspect,  the  same  law  may  be  expressed  thus  :  the  quantities  of  j 
stibstatlrfg  entvring  into  ehomtpal  reactimm  occtfty,  in  a  iitiilf.  of  va/rnvr, 
equal  volumes.     For  our  purpose,  the  chemical  aspect  is  the  moat  im- 
portant, and  therefore,  before  developing  the  low  and  its  consetjuenceB, 
we  will  stay  to  consider  the  chemical  phenomena  from  which  the  law  is 
deducetl  or  by  which  it  may  be  explained. 

When  two  isolated  substances  interact  with  each  other  directly  and 
eaaily^as,  for  instance,  an  alkali  on  an  acid — then  it  is  found  that  the 
reaction  is  accomplished  between  quantities  which  in  a  gaseous  stftte 
(at  ec[ual  temperatures  and  pressures)  occupy  equal  I'olumes.  Thus, 
ammonia,  NHj,  reacts  directly  with  hydrochloric  acid,  HCI,  forming 
sal-ammoniac,  NH,C1,  and  in  this  case  the  NHj,  or  17  parts  by  weight.  . 
of  ammonia,  occupy  the  same  volume  as  the  36'5  parts  by  weight  of 
hydrochloric  acid.'  Ethylene,  C^H,,  combines  with  chlorine,  CI,,  in 
only  one  proportion,  forming  ethylene  dichloride,  C,H,C1„  and  this 
combination  proceeds  directly  and  with  great  facility  ;  the  reacting 
quantities  occupying  equal  volumes.  Chlorine  reacts  with  hydrogen  in 
only  one  proportion,  forming  hydrochloric  acid,  HCI,  and  in  this  case 

*  It  most  not  he  lori[otl«i  that  Nowton'e  hiK  uF  grsrltj-,  or  ol  the  unity  of  the  torce* 
caosinf!  ■  bod;  to  fail  tn  the  earth,  and  the  planets  to  be  attraated  tn  and  revolre  ronnd  tba 
ran,  was  flrst  a  hypothesis,  but  it  became  a  truHtwotibf ,  perfect  theory,  and  acquired 
the  qaalitiei  of  e,  fandamental  law  owiu^;  to  the  noncord  betneeti  its  conwqueace* 
and  reality.  All  laws,  all  theories  nt  nalaral  phennniena,  ate  first  hypotheses.  Soma 
are  rapidlj-  eetatiliBhed  by  their  eiast  consequeuaea,  wliinh  Agne  with  faf tn ;  othars  only 
Lake  ront  by  slow  dej^reea- 

'  Thii>  ia  not  only  teen  from  the  above caloaUtiona,  hub  maybe  proved  byexperimenL 
A  glasii  tabe,  divided  in  the  middle  by  a  stop-cock,  is  Inken,  end  one  portion  fiU^  with 
dry  bydro^n  chloride  [the  dryness  of  the  gases  i>  Btrietly  necessary,  because  ammoaia 
and  bydrof^n  ohlocide  are  both  very  solnhle  in  water,  and  hence  a  shulII  trace  of  water 
may  contain  a  large  amoant  of  these  gases  in  solation)  and  the  other  with  dry  ammonia, 
under  the  atmospheric  pressure.  One  orifice  (tor  iDslouce,  of  that  portion  which  contaiiu 
the  ammonia)  ia  firmly  dosed,  and  the  other  is  immerned  Ander  mercury,  and  the  oock  is 
then  opened.  Sotiil  i*l-»mmoniiic  informed,  but  if  the  valnma  of  one  Knabe  greater 
than  tliflt  of  the  other,  anme  of  (he  Brst  gas  will  (emain.  By  iinmening  the  tube  in  tha 
mercnry  in  order  that  the  internal  pressore  shall  eqoal  the  atmosphBric  preeaure,  it  tatty 
easily  bo  shown  that  the  volnme  of  the  remoiiiiiig  gtn  is  equal  to  the  difference  between 
the  volumes  of  the  two  portions  of  the  tube,  and  that  the  remaining  gas  is  that  whosa 
volume  was  the  greater. 
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equal  volumes  interact  with  each  ottier.  If  an  ei^Qiilitj-  of  volumes  is 
observed  in  cases  of  oomliinatioD,  it  should  be  lill  the  more  frequently 
encountered  in  cases  of  deooiniHisition  taking  place  in  substances  which 
split  up  inU)  two  others.  Indeed,  acetic  acid  breaks  up  into  marsh 
gas,  CHj,  and  carbonic  anhydride,  COj,  and  in  the  proportions  in  which 
they  are  formed  from  acetic  acid  they  occupy  equal  volumes.  Also 
from  phthalic  acid,  CgHr.O^,  there  may  be  obtained  benzoic  acid, 
C^H^O.^,  and  carbonic  anhydride,  CO,,  and  as  all  the  elements  of 
phthalic  acid  enter  into  the  composition  of  these  substances,  therefore, 
although  they  cannot  re-form  it  by  their  direct  action  on  each  other  {the 
reaction  is  not  reversible),  still  they  form  the  direct  products  o£  its 
decomposition,  and  they  occupy  equal  volumes.  But  benzoic  add, 
CjHjO^,  is  also  composed  of  benzene,  U^Hg,  and  carljonic  anhydride, 
COj,  which  also  occupy  equal  x-olumes.'  There  ia  an  iiumense  number 
of  similar  examples  anion^  those  organic  substances  to  whose  study 
Gerhardt  consecrated  his  whole  life  and  work,  and  he  did  not  allow  such 
(acta  as  these  to  escape  hia  attention.  Still  more  frequently  in  the 
phenomena  of  substitution,  when  two  substances  act  on  one  another, 
and  two  are  produced  without  a  change  of  volumes — tliat  is,  when  the 
first  definition  given  (p.  4)  ^corresponds  with  that  given  on  p.  301 — it 
is  found  that  the  two  substances  acting  on  each  other  occupy  equal 
volumes  as  well  as  each  of  the  two  resultant  substances.  Thus, 
in  general,  reactions  of  substitution  take  phvce  between  volatile  acids, 
HX,  and  volatile  alcohols,  H(OH),  with  the  formation  of  ethereal  salts, 
EX,  anil  water,  H(OH),  and  the  volume  of  the  vapour  of  the  reacting 
quantities,  HX,  R{OH),  and  IIX,  is  the  same  as  that  for  water 
H(OH),  whose  weight,  corresponding  w^ith  the  formula,  IS,  occupies  2 
volumes,  if  1  part  by  weight  of  hydrogen  occupy  1  volume  and  the 
density  of  aqueous  vapour  referred  to  hydrogen  is  9.  Such  genei-al 
examples,  of  which  there  are  many,*  show  that  the  reaction  of 
equal  volumes  forms  a  chemical  phenomenon  of  frequent  occur- 
rence, indicating  the  necessity  of  ackmiwledging  the  law  of  Avogadro- 
Gerhardt. 


■  Let  at  deinonatriUo  this  bj  UgaTet,  From  132  gnuua  of  beiiuiic  ncid  tbere  is 
obtAiiied  (n)  TS  gnuns  of  benisne.  «^o<e  density  Kfoired  to  tiydrogeii  ^  mi,  henoe  thu 
ielivti»B  tolumo  =  a,  und  {6)  **  )^iitus  o(  oarbonic  anhydiido,  vixaaa  dBiisity  =  M,  uid 
bsiiM  tlui  volome  =  S.     tt  it  the  Mme  in  other  cues. 

*  A  Urge  muuber  of  such  Kenorftlised  rewtifam,  iihoiriii|{  re&ptiou  b;  wjuikl 
Tiitainu*,  occur  in  tlie  csw  of  the  hjdrocubon  deHmtivee,  beeanse  many  oF  these  com- 
pnunda  Me  valntile.  The  ruolions  o(  klkalis  on  nfidx,  or  uihydridee  on  vRter,  £c., 
nhiuh  ore  so  trequeDt  between  minural  substwiuss,  prusent  but  few  such  eiunples, 
becanse  rniinj  of  thme  Babstnncea  ure  not  volatile  and  their  Tnpoor  densitien  ue 
nnliiiuwn.  But  eswatiAlly.  the  siune  U  wen  in  tliese  ruses  also;  lor  instivnce,  sulphuric 
acid,  UgSOt,  breiiki  up  into  Ihe  uihydride,  SO),aDd  urs tar,  HjO,  which  exhibit  an  aquality 


M 
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But  the  question  arises  :  What  is  the  relation  of  volumes  if  the 
reaction  of  two  substances  takes  place  in  different  proportions,  accord- 
ing to  the  law  of  multiple  proportions  ?  A  definite  answer  can  only  be 
given  in  cases  which  have  been  very  thoroughly  studied.  Thus  chlorine, 
in  acting  on  marsh  gas,  CH4,  forms  four  compounds,  CH3CI,  CHgClj, 
CHCI3,  and  CCI4,  and  it  may  be  established  by  direct  experiment  that 
the  substance  CH3CI  (methylic  chloride)  precedes  the  remainder,  and 
that  the  latter  proceed  from  it  by  the  further  direct  action  of  chlorine. 
And  this  substance,  CH3CI,  is  formed  by  the  reaction  of  equal  volumes 
of  marsh  gas,  CH4,  and  chlorine,  Clj,  according  to  the  equation  CH4  + 
C1.2=CH3Cl4-HCL  A  great  number  of  similar  cases  are  met  with 
amongst  organic — that  is,  carbon — compounds.  Gerhardt  was  led  to 
the  discovery  of  his  law  by  having  investigated  many  such  reactions, 
and  from  observing  that  in  them  the  reaction  of  equal  volumes  precedes 
all  others. 

But  if  nitrogen  or  hydrogen  give  several  compounds  with  oxygen, 
the  above  proposed  question  cannot  be  answered  with  complete  clear- 
ness, because  the  consecutive  formation  of  one  degree  of  combination 
after  the  other  cannot  be  so  strictly  defined.  It  may  be  supposed,  but 
neither  affirmed  with  assurance  nor  confirmed  by  experiment,  that  nitro- 
gen and  oxygen  first  give  nitric  oxide,  NO,  and  only  afterwards  the  brown 
vapours  N.^Og  and  NOj.  Such  a  sequence  in  the  combiiiation  of  nitro- 
gen witli  oxygen  can  only  be  supposed  on  the  basis  of  the  fact  that  NO 
forms  N2O3  and  NO.^ directly  with  oxygen.  If  it  be  admitted  that  NO 
(and  not  N.^O  or  NOg)  be  first  formed,  then  this  instance  would  also 
confirm  the  law  of  Avogadro-Gerhardt,  because  nitric  oxide  contains 
equal  volumes  of  nitrogen  and  oxygen.  So,  also,  it  may  be  admitted 
tliat,  in  tlie  combination  of  hydrogen  with  oxygen,  hydrogen  peroxide 
is  first  formed  (equal  volumes  of  hydrogen  and  oxygen),  which  is  de- 
composed by  the  heat  evolved  into  water  and  oxygen,  all  the  more  as 
this  explains  the  presence  of  traces  of  hydrogen  peroxide  (Chap.  IV.) 
in  almost  all  cases  of  the  combustion  or  oxidation  of  hydrogenous  sub- 
stances ;  for  it  cannot  be  supposed  that  water  is  first  formed  and  then 
the  peroxide  of  hydrogen,  because  up  to  now  such  a  reaction  has  not 
been  accomplished,  whilst  the  formation  of  HgO  from  HgOj  is  very 
easily  reproduced.  ^° 

of  volumes.  Tjet  us  take  another  example  where  three  substances  combine  in  equal 
volume's  :  carbonic  anhydride,  CO^,  ammonia,  NH5,  and  water,  H.^0  (the  volumes  of  all  are 
iMjual  to  '2),  form  acid  ammonium  carbonate,  (NH4)HC03. 

1"  TluH  opinion  as  to  the  primary  origin  of  hydrogen  peroxide  and  of  the  forma- 
ti(m  of  water  by  means  of  its  decomposition,  which  was  always  held  by  me  (in  the  first 
editions  of  this  work),  has  in  latter  days  become  more  generally  accepted,  thanks  more 
4;spf;cially  to  the  work  of  Traube.    Probably,  it  explains  most  simply  the  necessity  for 
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Thus  a  whole  seriea  of  phenomena  show  that  the  chemical  reaction 
of  substances  actually  takes  place,  as  a  rule,  between  equal  volumes, 
but  tliis  does  not  reinovt;  the  possibility  of  the  frequent  reaction  of  un- 
equal volumes,  althougli,  in  this  case,  it  is  oft«n  possible  to  discover  a. 
preceding  reaction  between  equal  volumes." 

the  piesence  of  traces  of  witer  in  many  reaftionn,  as,  tor  instojire,  in  tlie  eiploiuuD  of 
caibonia  oxide  witli  oxygen,  and  perliKpB  the  very  theory  ol  the  eiploHiun  o[  detonatfo^ 
goa  imd  oF  the  combustioQ  of  hydioeen  giiin  in  cleameiui  and  trutli  if  we  take  into  oon- 
Bjilerution  th&  prelfminAry  formatiou  of  hydrogen  peroxide  and  it«  dHcompoaition.  We 
m»y  here  point  out  the  fact  that  Ettingen  (at  Dor{nt.  IBHB)  obaervud  the  existence  of 
cnrrenta  and  wavea  in  the  eiplnaion  of  delonatiag  gas  by  taking  photographa.  which 
showed  the  peiioila  of  combustinu  and  tlie  wavea  of  eil>liwion,  whiuh  ahouldbe  taken  iota 
oonaideralion  In  the  theory  of  this  anhject.  Ak  the  fonnation  of  Hfl,  tram  O,  and  H, 
cortesponda  with  a  less  amount  of  heal  than  the  formation  of  water  from  H,  and  O,  it 

(it  hydrogen  peroxide. 

"  The  poanibility  of  reacliona  betweea  untujual  volnmea,  ootwitli standing  the  general 
tippliciUiaii  ol  the  law  ot  ATO};adro.aerb«rdt,  may,  in  addition  to  what  bas  been  eaid 
above,  depend  on  the  fact  that  the  participating  anbfltancea,  at  the  moment  ol  reaction, 
undergo  a  preliminary  modiScatton,  decompoaition,  iaomeric  (polymeric)  traiialonnatiDn, 
&e.  Thna,  if  NO.j  aeema  to  proceed  from  N^Oj,  if  Oj  is  formed  from  Oj,  and  the  nonveraa, 
then  it  cannot  be  denied  that  the  production  ot  molecules  containing  only  one  atom  is 
also  possible — for  instance,  of  oxygen — aa  also  ot  higher  polymeric  forma — as  the 
molecule  N  from  Nj,  or  H,  front  H,,.  In  this  manner  it  is  naturally  possible,  by  means  at  a 
series  of  hypotheaea,  to  explain  the  cases  ot  the  torouitiun  of  ammonia,  NHj  from  3  vols, 
ol  hydrogen  and  I  vol.  of  nitrogen.  Bat  it  must  be  ubserved  that  perhaps  our 
information  in  aimilar  inatancea  ia,  as  yet,  tar  from  being  complete.  If  the  eiietenoe  of 
hydcatine  or  dlamide  N,IL,  (Chap.  VI.  Note  6)  he  verified,  then,  perhapa,  an  amide  NjH, 
will  he  diacovered  [thia  aobatance  ia  now  staled  to'have  been  obtainedj  in  whicli  3  voIb. 
of  hydrogen  are  combined  with  2  vols,  ot  nitrogen — lliat  is,  the  reaotion  ia  accom- 
pUahed  between  equal  volumes.  If  it  he  shown  that  diamide  gives  nitrogen  sjid 
anunonia(3N.,U,  =  N]-flXH])nnder  the  action  of  sparks, heat,  or  the  silent  diaoharge, 
Ac,  then  it  will  he  poasible  to  admit  tliat  it  is  formed  before  ammonia.  And,  perhaps, 
the  still  leaa  ataUe  amide  N^Uj,  whicli  may  also  decompose  with  tbo  fonnation  of 
ammonia,  is  prod  need  before  the  amide  N,U,. 

I  mention  thia  to  abow  that  the  fact  of  there  being  apparent  exceptions  to  the  ia*  ot  re- 
actiona  between  eqaal  volumes  does  not  prove  the  impossibility  of  their  being  included  nnder 
the  taw  on  further  study  of  the  stibiec  t.  Having  admitted  a  certain  Uw  or  hypotheaia,  then 
vonsequt^nces  mnsl  be  deduced  from  it,  and  it  by  their  means  a  cleanieaa  and  banmmv 
ia  arrived  at — and  all  the  more,  if  by  their  nieana  that  which  coold  not  otherwiae  be 
known  can  be  recognised^then  the  conaeqnences  verify  the  hypothesis.  This  was  the  ease 
with  the  law  now  under  discussion.  The  simpUcity  atone  of  the  deduction  of  the  weight 
proper  to  the  atoma  of  the  elements,  or  the  (act  alone  that  having  admitted  the  law  it 
follows,  as  will  afterwards  be  shown,  that  the  Dii  viea  of  the  molecules  ot  all  gaaea 
ia  a  constant  quantity,  ia  alone  a  sufficient  reason  tor  retaining  the  llypolheais 
if  not  for  believing  in  it  as  a  fact  beyond  doubt.  And  aa  by  the  occeptanoH 
of  the  law  it  liecame  possible  to  foretell  even  the  properties  and  utomio  weights  of 
elements  which  had  not  yet  been  discovered,  and  as  these  predictions  afterwards  proved 
mt  with  the  actual  facta,  it  iaevidcnt  that  the  hiwof  Avogadro-Gerhardl 
penetrates  deeply  into  the  nature  ot  the  chemical  relation  of  substoncea.  Thia  being 
granted,  it  ia  possible  at  the  present  time  to  expound  and  deduce  the  truth  under 
consideration  in  many  waya,  and  in  everj  case  it,  like  all  that  is  bigheet  in  aoience  (for 
example,  the  law  of  the  indestrnctibility  of  matter,  the  law  of  the  conservation  ol  energy. 
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The  law  of  Avogadro-Gerhnrdt  may  abo  be  easily  expressed  in  an 
alf^brnical  form.  If  the  weight  of  a  molecule,  or  of  that  quantity  of  a 
substance  which  enters  into  cheniicat  reaction,  and  occupies  in  a  state 
of  vapour,  acconling  to  the  law,  a  volume  equal  to  the  molecules  rf 

other  bodies,  be  indicated  by  the  letters  M,,  Mj or,   in 

general,  M,  and  if  the  letters  D,,  TJ.j  ,  or,  in  general,  D,  1 

stAiid  for  the  density  or  weight  of  a  given  volume  of  the  gaaea  or  | 
vapours  of  the  corresponding  substances  under  certain  definite  con-  ] 
ditions  of  temperature  and  presaure,  then  the  law  requires  that 


where  C  is  a  certain  constant.     Thi.s  expressioji  directly  shows  that  the 

volumes  corresponding  with  the  weights  M,,  M, M,  are  equal 

to  a  certain  constant,  because  the  volume  is  proportional  to  the  weight 
and  inversely  proportional  to  the  density.  The  magnitude  of  C  i 
naturally  conditioued  by  and  dependent  on  the  units  taken  for  tho  i 
expression  of  the  weights  of  the  molecules  and  the  densities.  The  j 
weights  of  the  molecules  (equal  to  the  sum  of  the  atomic  weighb 
the  elements  forming  a  given  substance)  are  usually  expressed  by  \ 
talcing  the  weight  of  an  atom  of  hydrogen  as  unity,  and  hydroge 
now  also  chosen  as  the  unit  for  the  expression  of  the  densities  of  gi 
and  vapours  ;  it  is  therefore  only  needful  to  liiid  the  magnitude  of  the 
constant  for  any  one  compound,  as  it  will  be  the  same  for  all  others. 
Let  us  tiike  wat«r.  Its  reacting  mass  is  expressed  (conditionally) 
by  the  formula  or  molecule  H,0,  for  which  M=l(*,  if  H  =  l,as 
we  already  know  from  the  composition  of  water.  Its  vapour  density, 
01-  D,  compared  to  hydroKen=9,  anil  consequently  for  water  C=2,  and 

M 
therefore  ami  in  general  for  the  molecules  of  all  substance     ri^^- 

Couseiiueutly,  the  weight  of  a  molecule  is  equal  to  twice  its  vapour  J 
density  expressed  in  relation  to  hydrogen,  and  conversely  Ihe  dnigiti/  <if% 
'I  gns  ia  equal  In  hnlftlte  moUctilnr  uxvjUt  re/erred  to  hydrogen. 

The  truth  of  this  may  be  seen  from  an  infinitely  large  number  of'l 
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fAftierved  vajjour  derij»ities  by  comparing  them  with  the  results  obtained 
by  calculation.  An  an  01  lustration,  we  mav  point  out  that  for  ammonia, 
NH^,  the  weight  of  the  molecale  or  qoantity  of  the  reacting  sub- 
utanee,  2l»  well  ax  the  composition  and  weight  corresponding  with  the 
f ormala,  in  expressed  by  the  figures  1 4  -h  3 = 1 7.  Consequently,  M  =:  1 7. 
Hence,  according  to  the  law,  D=8'5.  And  this  result  is  also  obtained 
bj  experiment.  The  density,  according  to  the  formula  and  experiment, 
of  nitrous  oxide,  XjO,  is  22,  of  nitric  acid  15,  and  of  nitric  peroxide  23. 
In  the  case  of  nitrous  anhydride,  N203,asa  substance  which  dissociates 
into  yO-fNO.^,  the  density  should  vary  between  38  (so  long  as  the 
NjO,  remains  unchanged),  and  19  (when  NO  +  XOj  is  obtained). 
There  are  no  figures  of  constant  density  for  H^Oj,  NHO3,  N2O4,  and 
many  similar  compounds  which  are  either  wholly  or  partially  decom- 
posed in  fjassing  into  vapour.  Salts  and  similar  substances  either  have 
no  vafX)ur  density  because  they  do  not  pass  into  vapour  (for  instance, 
potassium  nitrate,  KNO3)  without  decomposition,  or  if  they  pass 
into  vapour  without  decomposing,  their  vapour  density  is  observed 
with  difficulty  only  at  very  high  temperatures.  The  practical  de- 
termination of  the  vapour  density  at  these  high  temperatures  (for 
example,  for  sodium  chloride,  ferrous  chloride,  stannous  chloride,  «tc.), 
requires  special  methods  which  have  been  worked  out  by  Sainte-Claire, 
Deville,  Crafts,  NiLson  and  Pettersson,  Meyer,  Scott,  and  others. 
Having  overcome  the  diflBculties  of  experiment,  it  is  found  that  the 
law  of  Avogadro-Oerhardt  holds  goofl  for  such  salts  as  potassium 
irxlide,  Ixjry Ilium  chloride,  aluminium  chloride,  ferrous  chloride,  *tc. — 
that  is,  the  density  obtained  by  experiment  proves  to  be  equal  to  half 
the  molecular  weight — naturally  within  the  limits  of  experimental 
error  or  of  possible  deviation  from  the  law. 

Gerhardt  deducefl  his  law  from  a  great  number  of  examples  of 
volatile  carlxm  compounds.  We  shall  become  acquainted  with  certain  of 
them  in  the  following  chapters  ;  their  entire  study,  from  the  complexity 
of  the  subject,  and  from  long-established  custom,  forms  the  su>)ject 
of  a  special  branch  of  chemistiy,  termed  *  organic  '  chemistry.  With  all 
these  substances  the  observed  and  calculated  densities  are  very  similar. 

When  the  consequences  of  a  law  are  verified  by  a  great  number  of 

observations,  it  should  be  considered  as  confirmed  by  experiment.     But 

this  does  not  exclude  the  possibility  of  apparent  deviations.     They  may 

M 
evidently  be  of  two  kinds  :  the  fraction    -  may  be  found  to  be  either 

greater  or  less  than  2 — that  is,  the  calculated  density  may  be  either 
greater  or  less  than  the  observed  density.  When  the  difference  between 
the  results  of  experiment  and  calculation  fall  within  the  possible  errors 
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of  experiment  (for  example,  equal  to  hundredths  of  the  density),  or 
within   a  possible  error   owing   to  the  laws  of  gases  having  an  only 

approximate  significance  (as  is  seen  from  the  deviations,  for  instance, 

M 

from  the  law  of  Boyle  and  Mariotte),  then  the  fraction-    proves  but 

slightly  different  from  2  (between  1*9  and  2*2),  and  such  cases 
as   these  may  be  classed  among  those  which  ought  to  be   expected 

from  the  nature  of  the  subject.     It  is  a  different  matter  if  the  quotient 

M 
of  ;-;^  be  several  times,  and  in  general  a  multiple,  greater  or  less  than 

2.  The  application  of  the  law  must  then  be  explained  or  it  must  be 
laid  aside,  because  the  laws  of  nature  admit  of  no  exceptions.     We  will 

M 

therefore  take  two  such  cases,  and  first  one  in  which  the  quotient  - 

is  greater  than  2,  or  the  densitg  obtained  by  experiment  is  less  than  is 
in  accordance  tvith  the  laic. 

It  must  be  admitted  as  a  consequence  of  the  law  of  Avogadro- 
Gerhardt,  that  there  is  a  decomposition  in  those  cases  where  the  volume 
of  the  vapour  corresponding  with  the  weight  of  the  amount  of  a 
substance  entering  into  reaction  is  greater  than  the  volume  of  two 
parts  by  weight  of  hydrogen.  Suppose  the  density  of  the  vapour  of 
water  to  be  determined  at  a  temperature  above  that  at  which  it  is 
decomposed,  then,  if  not  all,  at  all  events  a  large  portion  of  the  water 
will  be  decomposed  into  hydrogen  and  oxygen.  The  density  of  such  a 
mixture  of  gases,  or  of  detonating  gas,  will  be  less  than  that  of  aqueous 
vapour ;  it  will  be  equal  to  6  (compared  with  hydrogen),  because 
1  volume  of  oxygen  weighs  16,  and  2  volumes  of  hydrogen  2 ; 
and,  consequently,  3  volumes  of  detonating  gas  weigh  18,  and  1 
volume  6,  whilst  the  density  of  aqueous  vapour  =9.  Hence,  if  the 
density  of  aqueous  vapour  be  determined  after  its  decomposition,  the 

quotient         would  be  found  to  be  3  and  not  2.     This  phenomenon 

might  be  considered  as  a  deviation  from  Gerhardt's  law,  but  this  would 
not  l)e  correct,  because  it  may  be  shown  by  means  of  diffusion  through 
porous  substances,  as  descril)ed  in  Chap.  II.,  that  water  is  decomposed 
at  such  high  temperatures.  In  the  case  of  water  itself  there  can 
naturally  be  no  doubt,  because  its  vapour  density  agrees  with  the  law 
at  all  temperatures  at  which  it  has  been  determined.*^     But  there  are 

1^  Am  the  density  of  oqueoas  vapour  remains  constant  within  the  limits  of  experi- 
mental iiccuraoy,  even  at  1000^,  when  dissociation  has  certainly  commenced,  it  must  be 
udmittcd  that  only  a  very  small  amount  of  water  is  decomposed  at  these  temperatures. 
If  even  10  p.c.  of  water  were  decomposed,  then  the  density  would  be  8'57  and  the 
quotient  M,D  =  21,  but  at  the  high  temperatures  here  concerned  the  error  of  experiment 
is  not  greater  than  the  difference  of  this  quantity.    And  probably  at  1000^  the  dissocia- 
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many  substances  which  decompose  with  great  ease  directly  they  are 
volatilised,  and  which  only  exist  as  solids  or  liquids,  but  not  in  a  state 
of  vapour.  There  are,  for  example,  many  salts  of  this  kind,  besides  all 
definite  solutions  having  a  constant  boiling  point,  all  the  compounds  of 
ammonia — for  example,  all  ammonium  salts — <kc.  Their  vapour 
densities,  determined  by  Bineau,  Deville,  and  others,  show  that  they 
do  not  agree  with  Gerhardt^s  law.  Thus,  the  vapour  density  of 
sal-ammoniac,  NH4CI,  is  nearly  14  (compared  with  hydrogen), 
whilst  its  molecular  weight  is  not  less  than  53-5,  whence  the 
vapour  density  should  be  nearly  27  according  to  the  law.  The 
molecule  of  sal-ammoniac  cannot  be  less  than  NH4CI,  because  it  is 
formed  from  the  molecules  NH3  and  HCl,  and  contains  single  atoms  of 
nitrogen  and  chlorine,  and  therefore  it  cannot  be  divided  ;  it,  further, 
never  enters  into  reactions  with  the  molecules  of  other  substances  (for 
instance,  potassium  hydroxide  or  nitric  acid)  in  quantities  of  less  than 
53'5  parts  by  weight,  «fec.     The  calculated  density  (27)  is  here  double 

M 

the  observed  density  (about  14),  hence    ^q  =^  ^^^  not  2.     For  this 

reason  the  vapour  density  of  sal-ammoniac  for  a  long  time  served  as 
an  argument  for  doubting  the  truth  of  the  law.  But  it  proved  other- 
wise, after  the  matter  had  been  fully  studied.  The  low  density 
depends  on  the  decomposition  of  sal-ammoniac,  on  volatilising,  into 
ammonia  and  hydrogen  chloride.  The  observed  density  is  not  that  of 
sal-ammoniac,  but  of  a  mixture  of  NHg  and  HCl,  which  should  be 
nearly  14,  because  the  density  of  NH3=8-5  and  of  HCl=18-5,  and 
therefore  the  density  of  their  mixture  (in  equal  volumes)  should  be 
IS'S.***  The  actual  decomposition  of  the  vapours  of  sal-ammoniac  was 
demonstrated  by  Pebal  and  Than  by  the  same  method  as  the  decom- 
position of  water,  by  passing  the  vapour  of  sal-ammoniac  through  a 
porous  substance.  The  experiment  demonstrating  the  decomposition 
during  volatilisation  of  sal-ammoniac  may  bfe  made  very  easily,  and  is 
a  very  instructive  point  in  the  history  of  the  law  of  Avogadro-Gerhardt, 
because  without  its  aid  it  would  never  have  been  imagined  that  sal- 
ammoniac  decomposed  in  volatilising,  as  this  decomposition  bears  all 
the  signs  of  simple  sublimation ;  consequently,  the  knowledge  of  the 
decomposition   itself  was  forestalled   by  the   law.     The   whole   force 

tion  is  far  from  being  equal  to  10  p.c.     Therefore^  the  variation  in  tlie  vapour  ilensitij 
of  water  cannot  he  the  means  of  ascertaining  the  amount  of  its  dissociation. 

"  TluB  explanation  of  the  vapour  density  of  sal-ammoniac,  sulphuric  acid,  and 
similar  substances  which  decompose  in  being  distilled  was  the  most  natural  to  resort  to 
as  soon  as  the  application  of  the  law  of  Avogadro-Gerhardt  to  chemical  relations 
was  begun;  it  was,  for  instance,  given  in  my  work  on  Specific  volumes,  185(5, 
p.  99.  The  formula,  M/D«b2,  which  later  was  applied  by  many  other  investigators,  had 
already  been  applied  in  that  work. 
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and  visible  use  of  the  discovery  uf  the  laws  of  nature  lies  in,  and  is  | 
expressed  by,  the  fact  that  they  enable  the  unknawn  to  be  foretold,  n 
the  unobsen'ed  to  Iw  foreseen.     The  arrangement  of  the  esperiineut  is 
based   on  the  foliowin}-  reasoniny. ' '     According  to  the  law   and   to 
experiment  the  density  of  ammonia,  NHj,  is  f*^,  and  of  hydrochloric 
acid,  HCl,  18|,   if  the  density  of  hydrogen=l.     Conaequently, 
mixture  of  NHj  a.nd  HCl,  the  ammonia  jrill  penetrate   much  i 
rapidly  through  a  porous  mass,  or  a  line  orifice,  than  the  heavier  liydro 
chloric  acid,  just  as  in  a  former  experiment  the  hydrogen  penetrated 
more  rapitUy  than  oxygen.     Therefore,  if  the  vapour  of  sal-amnjoniao  J 
comes  into  contact  with  a  porous  mass,  the  ammonia  wili  pass  through  1 
it  in  greater  quantities  than  the  hydrochloric  acid,  and  this  excess  of  I 
ammonia  may  be  discovered  by  means  of  moist  red  litmus  paper,  which 
should   be    turned   blue.     If   the  vapour  of  sal-ammoniac  weri 
decomposed,  it  would  pass  through  the  purous  mass  as  a  irhole,  and  th«    j 
colour  of  the  litmus  paper  would  not  Ije  altered,  because  sftl-ammoniac 
is  a  neutral  salt.     Thus,  by  testing  with  litmus  the  substance  passiog 
through  the  porous  mass,  it  may  be  decided  whether  the  sal-ammoniac. 
is    decomposed    or   not  when    passing  into   vapour.       Sal-ammoniac 
volatilises  at  so  modei-ate  a  temperature  that  the  experiment  may  bo  ] 
conducted  in  a  glac^  tube  heated   by   means  of  a  lamp,  an  asbestos 
plug  being  placed  in  the  central  portion  of  a  glass  tu!>e.  '■'  The  anbestos 
forma  a  porous  mass,  which  is  not  changed  at  a  high  temperature.     A 
piece  of  dry  sal-ammoniac  is  placed  at  one  side  of  the  asbestos  plug, 
and  is  heated  by  a  Bunsen's  burner.     The  vapours  formed  are  c 
by  a  current  of  air  forced  from  a  gasometer  or  bag  through  two  tubes  J 
containing  pieces  of  moist  litmus  paper,  one  blue  and  one  red  paper  ia    , 
each.     If  the  sal  ammoniac  be  heated,  then  the  ammonia  appears  o 
opposite  side  of  the  asbestos  plug,  and  the  corresponding  litmus  turns 
blue.     And  as  an  exce-ss  of  hydrochloric  acid  remains  on  the  side  where 
the  sal-ammoniac  is  heated,  therefore  it  turns  the  litmus  at  that   end 
red.     This  proves  that  the  sal-ammoniac,  when  converted  into  vapour, 
splits  op  into  ammonia  and  hydrochloric  aeid,  and  at  the  same  time 
gives  an  instance  of  the  possibility  of  correctly  conjecturing  a  fact  on  ■ 
the  basis  of  the  law  of  Avogadro-Gerhardt. 

So  also  the  fact  of  a  decomjiosition  may  be  proved  in   the  other  I 

instances  where  j<  proved   greater   than    3,   and  hence  the  apparent  I 

"  The  l>egiiuiGr  must  reiiuuiiber  that  an  eiperitnent  uid  the  mode  in  which  it 
cxiiitd  uut  muat  W  dHt^tuiiu^il  hj  the  priDciple  or  (wb  whii^li  it  is  uit«iidsd  to  illiutntta,.! 
iind  Dot  DIM  tternl  t,n  Kme  rappOHe.  The  iden,  which  detcrmineB  the  neonuiit]'  of  ■»  ■ 
cxperimeDt  Ib  Itui  chici  cousiderBtion. 

■t  It  is  important  that  tlie  tnbei,  ubeiUii,  and  Bol-unmonioc  ihonld  be  dry,  aa  oUunii  M 
wiH  the  nioiitute  retun>  the  ommonm  and  hrdrogcn  chloride. 


PRINCIPLES   (IF  CirE^rSTRY 


deviations  appear  in  reality  as  an  excellent  proof  of  the  i,'eneMil  iipplica- | 
tion  and  significanee  of  the  Ijiw  of  Avogadro-Gerhardt. 


In  those  a 
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>  to  be  leati  than  2,  or 


re  the  r/itoCienf   |,    pi-o 

the  observed  density  greater  than  that  calculated  by  a  multiple  number 

of  times,  the  matter  is  evidently  more  simple,  and  the  fact  obserTed 

only  indicates  that  the  weight  of  the  molecule  is  as  many  times  greater, 

as  that  taken  as  the  quotient  obtained  is  less  than  '2.    So,  for  instance, 

in  the  case  of  ethylene,  whose  composition  is  expressed  by  CHj,  the 

density  was  found  by  experiment  to  be  14,  and  in  the  case  of  aniy- 

lene,  whose  composition  is  also  CHj,  the  density  pi-oved  to  be  35,  and 

consequently  the  quotient    for  ethylene^l,  and  for  amylene^|.     If 

the  molecular  weight  of  ethylene  be  taiteji,  not  ax  14,  as  might  be 

imagined  from  its  composition,  but  as  twice  as  great— namely,  as  2S — - 

and  for  amylene  as  five  times  greater — that  is  as  70— then  the  molecular 

composition  of  the  first  will  Iw  C^Hj,  and  of  the  second  CiH,(i,  and  for 

M 
both  of  them   y.-  will  be  equal  to  2.     This  application  of  the  law, 

which  at  first  sight  may  appear  perfectly  arbitrary,  is  nevertheless 
strictly  correct,  because  the  amount  of  ethylene  which  reacts — for 
example,  with  sulphuric  and  other  acids — is  not  equal  to  H,  but  to  28 
parts  by  weight.  Thus  with  H,SO„  Brj,  or  HI,  <tc,,  ethylene  com- 
bines in  a  quantity  CjH„  and  araylene  in  a  quantity  CjH|o,  and  not 
CHj.  On  the  other  hand,  ethylene  is  a  gas  which  liquefies  with  diffi- 
culty (absolute  boiling  point=  + 10°),  whilst  amylene  is  a  liquid  boiling 
at  35°  (absolute  boiling  point=i  +  192°),  and  by  admitting  the  gi'eat«r 
density  of  the  molecules  of  amylene  (M^70)  its  difference  from  the 
lighter  molecules   of  ethylene    (M=28)   becomes   clear.      Tlius,    the 
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smaller  quotient   jj  is  an  indication  of  pc^ynieritatlon,  as  the  larger 

quotient  is  of  decomposition.  The  difference  between  the  densities  of 
oxygen  and  ozone  (Chap.  IV.)  is  a  case  in  point. 

On  taming  to  the  elements,  it  is  found  in  certain  cases,  especially 
with  metals — for  instance,  mercury,  zinc,  and  cadmium — that  tliat 
weight  of  the  atoms  which  must  be  acknowledged  in  their  compounds 
(of  which  mention  will  be  afterwards  made)  appears  to  be  also  the 
molecular  weight.  Thus,  the  atomic  weight  of  mercury  must  be  taken 
aa='200,  but  the  vapour  density=!00,  and  the  quotient=2,  Con- 
sequently, the  xio^ecufe  of  mercury  conUmia  one  atom,  Hg.  Itis  the  same 
with  sodium,  cadmium,  and  zinc.  This  is  the  simplest  possible  nioleculei, 
which  necessarily  is  only  possible  in  the  case  of  elements,  as  the  mole- 
cule of  a  compound  must  contain  at  least  two  atoms.     However,  the 
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^nolecules  of  many  of  the  elements  prove  to  be  complex — for  instance, 
the  weight  of  an  atom  of  oxygen=16,  and  its  den^sity=:16,  so  that  its 
molecule  must  contain  two  atoms  Oj,  which  might  already  be  concluded 
))y  comparing  its  density  with  that  of  ozone,  whose  molecule  contains 
O3  (Chap.  IV.).     So  also,    the  molecule  of  hydrogen  equals   Hj,   of 
chlorine  CI 2,  of  nitrogen  Nj,  &c.     If  chlorine  react  with  hydrogen,  the 
volume   remains  unaltered  after  the  formation   of  hydrochloric  acid, 
Ho-|-Cl2=HCl-|-HCL     It  is  a  case  of  substitution  between  the  one 
and  the  other,  and,  therefore,  the  volumes  remain  constant.     There  are 
elements  whose  molecules  are  much  more  complex — for  instance,  sulphur, 
S^ — although  by  heating  the  density  is  reduced  to  a  third,  and  S2  is 
formed.     Judging   from   the  vapour  density  of  phosphorus  (D=62) 
the  molecule  contains  four  atoms  P4.     Hence,  many  elements,   when 
polymerised,   appear    in   molecules    which  are    more   complex    than 
the   simplest  possible.      In   carbon,   as  we   shall    afterwards  find,  a 
very  complex  molecule  must  be  admitted,  as  otherwise  its  nonvola- 
tility  and  other  properties  cannot  be  understood.     And  if  compounds 
are  decomposed  by  a  more   or  less  powerful  heat,  and  if  polymeric 
substances  are  depolymerised  (that   is,    the   weight   of  the   molecule 
diminishes)   by   a   rise   of    temperature    as   N2O4   passes   into  NO2, 
or  ozone,   O3,  into  ordinary  oxygen,  O2,    then   we  might  expect  to 
find   the   splitting-up   of    the   complex   molecules   of    elements   into 
the   simplest    molecule   containing   a   single  atom   only — that   is   to 
say,  if  0-2  be  obtained  from  O3,  then  the  formation  of  O  might  also 
be   looked   for.     The   likelihood   of  such   a   proposition   is  indicated 
by  the  vapour  of  iodine.     Its  normal  density  =127  (Dumas,  Deville, 
and  others),  which  corresponds  with  the  molecule    I^.     At  tempera- 
tures  above   800°   (up   to   which    the   density   remains   almost  con- 
stant), this  density  distinctly  decreases,  as  is  seen  from  the  verified 
results  obtained  by  Victor  Meyer,  Crafts,  and  Troost.  At  the  ordinary 
pressure  and  1000°  it  is  about  100,  at  1250°  about  80,  at  1400°  about 
7'),  and  it  apparently  strives  to  reduce  itself  to  one-half — that  is,  to  63. 
Under   a  reduced  pressure  this  splitting-up,    or  depolymerisation,  of 
iodine  vapour  actually  reaches  a  density  '^  of  66,  as  Crafts  demon- 
strated by  reducing  the  pressure  to  100  mm.  and  raising  the  temperature 
t<j  1500°.  From  this  it  may  be  concluded  that  at  high  temperatures  and 
low  pressures  the  molecule  Ij  gradually  passes  into  molecule  I  containing 
one  at^m  like  mercury,  and  that  something  similar  occurs  with  other  ele- 
ments at  a  considerable  rise  of  temperature,  which  tends  to  bring  about 

1^  Just  as  wc  Baw  (Chap.  VI.  Note  46)  an  increase  of  the  dissociation  of  N2O4  and  the 
formation  of  a  large  proportion  of  NO2,  with  a  decrease  of  pressure.  The  splitting-up  of 
I  >  into  I  -r  I  is  a  similar  dissociation* 
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the  disunion  of  compounds  and  the  decoiupositicm  of  complex  molfll^| 

Besides  these  casee  of  apparenl  discrepancy  from  the  law  of  Avogadro^^ 
Gerhardt  there  is  jet  a  third,  which  is  the  last,  and  one  which  is  verjjH 
instructive.     In  the  investigation  of  separate  substances  they  have  tflH 
be  isolated  in  the  purest  possible  form,  and  their  chemical  and  physicalH 
propeHies,    and  among  them    the    vapour  density,  then   determinedi^ 
If  it  be  normal — that  is,  if  D=M/2 — it  is  a  proof  of  the  purity  of  tlma 
substance  and  of  its  freedom  from  all  impurities.     If  it  be  abnormal  — '^ 
that  is,  if  D  be  not  equal  to  M/2^then  for  those  who  do  not  believffl 
in  the  law  it  appears  as  a  new  argument  against  it  and  nothing  tnora  jH 
but  to  those  who  have  already  grasped  the  important  significance  ctU 
the  law  it  becomes  clear  that  there  is  some  error  in  the  observatioBBB 
or  that  the  density  was  determine)!  under  conditions  in  which  tb^l 
vapour  does  not  follow  the  laws  of  Boyle  or  Gay-Lussac,  or  else  th*^^ 
the  substance  has  not  been  sufficiently  purilied,  and  contains  impuritiea, 
Jjc.       Tlie  law  of  Avogadro-Gerhardt  then  appears  as  a  convincing 
evidence  of  the  necessity  of  a  fresh  and  more  exact  research.     And  as 
yet  the  causes  of  error  have  always  been  found.     There  are  not  afew 
eicamples  in  point  in  the  recent  liistory  of  chemistry.     We  will  cite 
one  instance.    In  the  case  of  pyrosulphuryl  chloride,  SjOjCIs,  M  =  215, 
and  consequently  D  should^l07'5,  instead  of  which  Ogier  and  others 


I'  Although  itl  Snt  there  uppejireil  to  be  a  ainiiUr  phenDmenon  in  theuiueot  chloriae, 
it  was  afterwards  proied  that  i(  there  i»  ft  decrBue  of  density  it  is  onl;  a,  small  one.  In 
tlic  case  of  bnuoine  it  is  not  mncb  greater,  uid  in  titi  from  being  eqn&l  to  that  for  iodine. 

As  He  ill  uteDend  very  often  invDlanburilf  cmiFaBe  chemical  processes  with  physical, 
it  maybe  that  a  physical  process  of  change  in  the  coefficient  of  erpanaion  with  a  change 
of  temperature  and  molecular  weight  parEioipates,  if  not  wholly,  at  all  events  |iartial]y, 
in  the  matter  of  tbe  decrease  of  the  density  of  chlorine,  bromine,  and  iodine.  Thns,  I 
have  remarked  (Comptes  Bendos,  1ST6)  that  the  coefBcienbof  eipanBionotgascBincteassi 
with  their  molecular  weight,  and  (Chap.  II.  Note  30)  the  reaolts  ol  diceot  eiperiioent 
show  the  coefEoient  of  cipansion  of  hydrohromio  acid  (M  =  81)  to  he  0'OOB86  instead  of 
O-OOSST  for  hydrogen  (M-S).  Therefore,  in  the  case  of  the  vaponr  of  iodine  <M^a54)  a 
very  large  coefficient  of  expoasjon  is  to  be  expected,  and  from  this  cause  alone  tbe 
density  woald  fall.  As  the  molecule  of  chlariDe  CL,  is  lighter  ( -71)  than  that  of  bromine 
[it  180),  which  is  hghter  than  that  ol  iodine  (-351),  therefore  the  order  in  which  the 
decompoaOibility  of  the  vaponra  of  these  haloids  is  observed  corresponds  with  the  expected 
rise  in  the  coefficient  of  expansion.  Taking  the  coefficient  of  expansion  of  iodine  vapour 
as  0-001,  then  at  1000°  its  density  would  already  be  lie.  Therefnre  it  may  be  that  the 
dbsodalion  of  iodine  is  only  on  apparent  phanomanon.  However,  oa  the  other  hand, 
.the  heavy  vapours  of  mercary  (U^SOO.  D^lOO)  scarcely  decrease  iu  density  at  a  tem- 
peratDceDflfiOO°(D-0e,  according  to  Victor  Meyer);  hat  it  mnst  nctbe  fergotlen  that 
the  molecnleol  mercury  contains  only  one  atom,  whilst  thai  of  iodine  contains  two,  which 
would  signifymnch.  Qaesliooa  of  Uiis  kind  which  are  difficult  to  decide  by  experhnentol 
means  (especially  the  accnrato  delenaination  of  f)  must  remain  long  without  being  defi- 
nitely eiplained  by  reason  of  the  diSlcalty,  and  sometimes  impossibility,  of  separating 
physical  from  chemical  changes. 
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obtained  33-S — that  is,  a  density  half  as  great ;  and  further,  Ogier 
{1882)  demonstrated  clearly  that  the  substance  i»  not  dissociated  by 
distillation  into  SO3  and  SO^Clj,  or  any  other  two  products,  and  thus 
the  abnormal  density  of  SjOjCl,  remained  unexplained  until  D.  P, 
Konovalnfl"(lf*8.'i)  showed  that  the  previous  investtgatora  were  working 
with  a  mixture  (containing  SO3HCI),  and  that  pyrosulphuryl  chloride  has 
a  normal  density  of  approximately  1 07.  Hiid  not  the  law  of  Avogadro- 
Oerhardt  served  as  a  guide,  the  impure  liquid  would  have  still  passed 
as  pure  ;  all  the  more  as  the  determination  of  the  amount  of  chlorine 
could  not  aid  in  the  discovery  of  the  impurity.  Thus,  by  following  a 
true  law  of  nature  we  are  aided  iu  the  attainment  of  true  deductions. 

All  cases  which  have  been  studied  confirm  the  law  of  Avogadro- 
Gerhardt,  and  as  by  it  a  deduction  is  obtained,  from  the  deter- 
mination of  the  vapour  density  (a  purely  physical  property),  as  to  the 
size  of  the  molecule  or  quantity  of  a  substance  entering  into  chemical 
reaction,  therefore,  this  law  links  together  the  two  provinces  of  learn- 
ing— physics  and  chemistry — in  the  moat  powerful  manner.  Besides 
which,  the  law  of  Aviigadro-Gerhardt  places  the  conceptions  of  tnole- 
<■?<&«  and  aioniH  ou  a  firm  foundation,  which  was  previously  wanting. 
Although  since  the  days  of  Daltou  it  had  beconie  evident  that  it  was 
Tiecessary  to  admit  the  existence  of  the  atom  (the  chemical  individual 
indivisible  by  chemical  or  other  forces)  of  elements,  and  the  groups  of 
-atoms  or  molecules  of  compounds  indivisible  by  mechanical  and  physical 
forces  ;  still  the  relative  magnitude  of  the  molecule  and  atom  was  not 
deRaed  with  sufficient  clearness.  So,  for  instance,  the  atomic  weight  of 
oxygen  might  be  taken  as  8  or  16,  or  any  multiple  of  these  numbers, 
and  nothing  indicated  a  means  for  the  acceptation  of  one  or  another  of 
these  magnitudes  ; '"  whilst  as  regards  the  weight  of  the  molecules  of 
■elements  and  compounds  there  was  no  trustworthy  conception  whatever. 

i>  And  H  il  wan  in  tlio  fiftio.  Some  took  0-K,  otliete  O-IU.  Water  in  the  tirnt 
caae  would  be  HO  und  lijdrogen  peroxide  HO^,  uid  in  Uie  secnnil  case,  ui  ie  now  genij- 
riJly  acceptod,  witler  H/)  uid  bydrogen  peroxide  HjOj  or  HO.  Discauion  and  confa- 
tiion  were  reigning.  In  IStHl  the  chemiBtR  ot  the  whole  world  met  nt  CiirliiTUbe  (or  the 
parpoee  of  arriving  &t  aome  aj^eement  and  unttotniity  of  opinion.  1  was  prvwnt  at  Ihie 
CongtMH,  one]  well  remembec  how  great  wan  tho  diSenmce  of  opinion,  lilld  bow  a  condi- 

what  wiLRutJi  the  rollowerB  ot  Gerlwcdt,  at  whose  head  tXooA  the  Italiiui  proteawtf, 
Caniiuro,  Followed  up  the  oonsequenoei  ot  Uie  law  ot  ATOgadro.  In  the  reign  o( 
scientifie  tnedoni  (without  which  idenoe  would  moke  no  prngreaii.  and  would  remain 
petrified  as  in  the  middle  ngeij  and  with  the  simulCiineoiu  neeeiiuty  of  isdeutifio  coDser. 
vatiani  (wilhoat  which  the  roots  of  paet  atudf  i-nnld  give  nu  fruit)  •  conditional  agree- 
ment wiu  not  anived  at,  and  ought  not  to  htLve  been,  but  instead  of  it  truth,  in  the  lorm 
of  the  law  of  Avogadro-Getliardt,  reoeived  by  mean  h  ot  the  Congress  a  wider  develop- 
meut,  onil  aoon  afterwards  conquered  all  minds.  Then  the  new  so-called  Qerhardl 
Htomic  weights  eatabtished  themselves,  and  in  the  seventies  they  bad  already  beoome 
^□erolly  used. 
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With  the  establishment  of  the  law  the  conception  of  the  molecule 
was  fullj  defined,  and  from  it  the  conception  of  the  magnitude  of  the 
atom  of  elements. 

The  particle  or  chemical  particle  or  molecule  must  he  considered  as 
the  quantity  of  a  substance  entering  into  chemical  reaction  trith  other 
molecules,  and  which  in  a  state  of  vapour  occupies  the  same  volume  as 
two  parts  hy  tceight  of  hydrogen. 

The  molecular  weight  (which  has  been  indicated  by  M)  of  a  sub- 
stance is  determined  by  its  composition,  transformations,  and  vapour 
density. 

The  molecule  is  not  divisible  by  the  mechanical  and  physical 
changes  of  substances,  but  in  chemical  reaction  it  is  either  altered  in 
its  properties,  or  quantity,  or  structure,  or  in  the  nature  of  the  move- 
ment of  its  parts. 

An  agglomeration  of  molecules,  which  are  alike  in  all  chemical 
respects,  makes  up  the  masses  of  definite  homogeneous  substances  in  all 
states.*'-* 

Molecules  consist  of  atoms  in  a  certain  state  of  distribution  and 
movement,  just  as  the  solar  system^®  is  made  up  of  inseparable  parts 
(the  sun,  planets,  satellites,  comets^  <fec.).     The  greater  the  number  of 

*•  A  volume  of  gaH,  a  drop  of  a  liquid,  or  the  snialleHt  crystal,  presents  an  agglomeration 
of  a  number  of  moleculeH,  in  a  state  of  movement,  continuously  repeated  (like  the  stars  of 
the  milky  way),  distributing  themselves  in  order  or  forming  their  new  systems.  If  the  aggre- 
gation of  all  kinds  of  heterogeneous  molecules  be  possible  in  a  gaseous  state,  where  the 
molecules  are  considerably  removed  from  each  other,  then  in  a  hquid  state,  where  the 
molecules  are  already  close  together,  such  an  aggregation  becomes  possible  only  in  that 
aspect  of  mutual  reaction  between  the  molecules  which  apx)ears  in  their  chemical  attrac- 
tion, and  especially  in  the  faculty  of  heterogeneous  molecules  for  combining  together. 
Solutions  and  other  so-called  indefinite  chemical  compounds  should  be  regarded  in  this 
light.  According  to  the  representation  evolved  in  this  work  we  should  regard  them  as 
containing  lx)th  the  compounds  of  the  heterogeneous  molecules  themselves  and  the  pro- 
ducts of  their  decomposition,  as  in  peroxide  of  nitrogen  N2O4  and  NO.2.  And  we  must 
consider  that  those  molecules  A,  which  at  a  given  moment  are  combined  with  B  in  AB, 
will  in  the  following  moment  become  free  in  order  to  again  enter  into  a  combined  form. 
The  instances  of  chemical  equilibria  proper  to  dissociated  systems  cannot  be  regarded  in 
any  other  sense. 

^  This  strengthens  the  fundamental  idea  of  the  unity  and  harmony  of  the  type  of 
creation  which  forms  one  of  those  ideas  which  impress  themselves  on  man  in  all  ages, 
and  give  rise  to  a  hope  of  arriving  in  time,  by  means  of  a  lengtliy  labour  of  discoveries, 
observations,  experiments,  laws,  hypotheses,  and  theories,  at  a  comprehension  of  the 
internal  and  invisible  structure  of  concrete  substances  with  the  same  degree  of  clearness 
and  exactitude  as  has  been  attained  in  the  visible  structure  of  the  heavenly  bodies.  It 
is  not  many  years  ago  since  the  law  of  Avogadro-Gerhardt  took  root  in  science.  It  is 
within  the  memory  of  many  living  scientific  men.  It  is  not  surprising,  therefore,  that  as 
yet  little  progress  has  been  made  in  the  province  of  molecular  mechanics  ;  but  the  theory 
of  gases  alone,  which  is  intimately  connected  with  the  conception  of  molecules,  shows  by 
its  success  that  the  time  is  approaching  when  our  knowledge  of  the  internal  structure  of 
matter  will  grow  rapidly. 
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atoms  in  a  molecule,  the  more  complex  is  the  resultant  substance.  The 
equilibrium  between  the  dissimilar  atoms  may  then  be  more  or  less 
stable,  and  may  for  this  reason  give  more  or  less  stable  substances. 
Physical  and  mechaniail  transfonnations  alter  the  velocity  of  the 
movement  and  the  distances  between  the  individual  molecules,  or  of  the 
atoms  in  the  molecules,  or  of  their  sum  total,  but  they  do  not  alter  the 
original  equilibrium  of  the  system  ;  whilst  chemical  changes,  on  the 
other  hand,  alter  the  molecules  themselves,  that  is,  the  velocity  of 
movement,  the  relative  distribution,  and  the  quality  and  quantity  of 
the  atoms  in  the  molecules. 

Atoms  are  the  smallest  quantities  or  indivisible  chemical  masses  0/ 
the  fhments  fanning  the  molecules  of  elements  and  compounds. 

Atoms  have  weight,  the  sum  of  their  weights  forms  the  weight  of 
the  molecule,  and  the  sum  of  the  weights  of  the  molecules  forms  the 
weight  of  masses,  and  is  the  cause  of  gravity,  and  of  all  the  phenomena 
which  depend  on  the  mass  of  a  substance. 

The  elements  are  characterised,  not  only  by  their  independent  exist- 
ence, their  incapacity  of  being  converted  into  each  other,  ike,  but  also 
by  the  weight  of  their  atoms. 

Chemical  and  physical  properties  depend  on  the  weight,  composi- 
tion, and  properties  of  the  molecules  forming  a  substance,  and  on  the 
weight  and  properties  of  the  atoms  forming  the  molecules. 

This  is  the  substance  of  those  conceptions  of  molecular  mechanics 
which  lie  at  the  l>asis  of  all  contemporary  physical  and  chemical 
constructions  since  the  establishment  of  the  law  of  Avogadro-Gerhardt. 
The  fecundity  of  the  principles  enunciated  is  encountered  at  every  ste)) 
in  the  entire  sum  of  the  particular  cases  forming  the  present  store  of 
chemical  data.  We  will  here  cite  a  few  examples  of  the  application  of 
the  law. 

As  the  weight  of  an  atom  must  be  understood  as  the  minimum 
quantity  of  an  element  entering  into  the  composition  of  all  the  mole- 
cules formed  by  it,  therefore,  in  order  to  find  the  weight  of  an  atom  of 
oxygen,  let  us  take  the  molecules  of  those  of  its  compounds  which  have 
been  already  described,  together  with  the  molecules  of  certain  of  those 
cjirbon  compounds  which  will  be  described  in  the  following  chapter  : — 


Molecular 

Amount  of 

Molecular 

Amount  of 

WeiKht. 

Oxygen* 

Weight. 

Oxygen. 

H,0 

18 

16 

HNO3     63 

48 

N,0 

44 

16 

CO           28 

16 

NO 

30 

16 

CO2         44 

32 

NO, 

46 

32 
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The  number  of  substances  taken  might  be  considerably  increased, 
but  the  result  would  be  the  same — that  is,  the  molecules  of  the  com- 
pounds of  oxygen  would  never  be  found  to  contain  less  than  16  parts 
by  weight  of  this  element,  but  always  nl6,  where  n  is  a  whole  number. 
The  molecular  weights  of  the  above  compounds  are  found  either  directly 
from  the  density  of  their  vapour  or  gas,  or  from  their  reactions.    Thus, 
the  vapour  density  of  nitric  acid  (as  a  substance  which  easily  decom- 
poses above  its  boiling  point)  cannot  be  accurately  determined,  but  the 
fact  of  its  containing  one  part  by  weight  of  hydrogen,  and  all  its  pro- 
perties and  reactions,  indicate  the  above  molecular  composition  and  no 
other.     In  this  manner  it  is  very  easy  to  find  the  atomic  weight  of  all 
the  elements,  knowing  the  molecular  weight  and  composition  of  their 
compounds.     It  may,  for  instance,  be  easily  proved  that  less  than  nl2 
parts  of  carbon  never  enters  into  the  molecules  of  carbon  compounds, 
and  therefore  C  must  be  taken  as  12,  and  not  as  6  which  was  the  case  be- 
fore Gerhardt.     In  similar  manner  the  atomic  weights  now  accepted  for 
the  elements  oxygen,  nitrogen,  carbon,  chlorine,  sulphur,  tSrc,  were  found 
and  indubitably  established,  and  they  are  even  now  termed  the  Gerhardt 
atomic  weights.     As  regards  the  metals,  many  of  which  do  not  give  a 
suigle  volatile  compound,  we  shall  afterwards  see  that  there  are  also 
methods  by  which  their  atomic  weights  may  l)e  established,  but  never- 
theless the  law   of    Avogadro-Gerhardt  is   here  also   ultimately  re- 
sorted to,  in  order  to  remove  any  doubt  which  may  be  encountered. 
Thus,  for  instance,   although  much   that  was  known  concerning  the 
compounds  of  beryllium  necessitated  its  atomic  weight  being  taken  as 
Be=9 — that  is,  the  oxide  as  BeO  and  the  chloride  BeClj — still  certain 
analogies  gave  reason  for  considering  its  atomic  weight  to  be  Be=13'r), 
in  which  case  its  oxide  would  be  expressed  by  the  composition  BciOa, 
and  the  chloride  BeClg.^^     It  was  then  found  that  the  vapour  density 
of  beryllium  chloride  was  approximately  40,  when  it  became  quite  clear 
that  its  molecular  weight  was  80,  and  as  this  satisfies  the  formula 
BeC]2  but  does  not  suit  the  formula  BeClj,  it  therefore  became  neces- 
sary to  regard  the  atomic  weight  of  Be  as  9  and  not  as  13i. 

1  If  Be =9,  and  berylliam  chloride  be  BeCL|,  then  for  everj*  9  purls  of  berj'llium 
there  are  71  parts  of  chlorine,  and  the  molecular  weight  of  BeClj  -  80 ;  hence  the  vajwur 
density  should  be  40  or  w40.  If  Be  =  18*5,  and  beryllium  chloride  be  BeCls,  then  to  lH'o 
of  beryllium  there  are  106*5  of  chlorine ;  hence  the  molecular  weight  would  be  120,  and 
the  vapour  density  IM)  or  ««0.  TJio  composition  is  evidently  the  same  in  lK)th  cases, 
because  9 :  71  : :  185  :  106-5.  Thus,  if  the  symbol  of  an  element  designate  different 
atomic  weights,  what  seem  to  be  very  different  formula*  may  equally  well  express  both 
the  percentage  composition  of  compounds,  and  those  properties  which  are  reciuired  by 
the  laws  of  multiple  proportions  and  equivalents.  Tlie  chemints  of  former  days 
accurately  expressed  the  composition  of  substances,  and  accurately  applied  Dalton's  laws, 
by  taking  H = 1,  O  =  8,  C  =  6,  Si  =  14,  &c.    Tlie  Gerhardt  equivalents  are  also  satisfied  by 
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Willi  the  establishment  of  a  true  conception  of  molecules  and  atoms, 
chemical  formula?  became  direct  expresaiona,  not  only  of  composi- 
tion,'' but  also  of  molecular  weight  nr  vapour  denmty,  and  consequently 

Ihem,  liGcaiuc  O^IR,  C^ia,  Si^Sfl,  &e..  are  multiples  of  tliciii.  The  choice  of 
nneor  the  other  multiple  qDon tit;  for  theiloniic  weight  is  impoflBJblewithnnt  ■  flnu  uiil 
ronirete  conception  of  the  molecule  uid  >tom.  uid  this  is  only  obtained  at  a  conicqnenCQ 
of  the  Uw  of  AniKiwtro-Gerhardt,  uid  Iherelore  the  oontemponiry  atooiic  weigbU  are 
the  reanlta  of  this  \a.w. 

"  In  order  to  cniimUte  the  percentage  amount*  of  the  elementa  contained  in  ■  giTen 
compound  from  its  formnla,  it  is  neceoMry  to  oae  n  very  simple  proportion  tarn.  Thua, 
for  example,  to  Snd  the  percentage  amount  of  hydrogen  in  hydrochloric  acid  we  raaaon 
an  tollotta:—HCI  shows  that  hydrochloric  acid  contains  SS'S  of  chlorine  and  1  part  of 
hydmgen.  Hence,  in  SO'S  parts  of  hydrochloric  acid  there  in  1  part  by  weight  ol 
hydrogen,  conseqaently  100  parts  by  weight  of  hydrochloric  acid  will  cootain  as  many 
more  Dnita  of  hydrogen  as  100  is  greater  than  SO'Gi  therefore,  the  proporliun  is  as 
: :  100: 3B-6or  X-  „^^  =  i*789.  Therefore  100  parts  ol  hydrochloric  acid  con- 
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liydrogeu.  In  general,  when  it  is  required  to  transfer  a  formala  into 
jposition,  wfl  must  replace  the  symbola  by  their  oortesponding  atomia 
weights  and  find  their  sum,  and  knowing  Clie  amount  by  nei|ihtof  a  given  element  in  it,  It 
is  eaay  by  proportion  to  find  the  amount  of  thia  element  in  100  or  any  other  quantity  of 
piutt  by  weight.  If,  on  the  contrary,  it  be  required  to  &nd  llie  foimnla  from  a  given 
percentage  composition,  we  mast  proceed  as  follows :  Divide  the  percentage  lunonnt  o! 
each  element  entering  into  the  composition  of  a  substance  by  ite  atomic  weight,  and 
compare  the  figures  thus  obtained  together — they  should  he  in  aimple  mnltiple  proportion 
to  each  other.  Thas,  for  ins(«nae,  from  the  percentage  composition  of  hydrogen  peroiide. 
G-B8  of  hydrogen  and  OI'IS  of  oxygen, it  is  easy  to  find  its  formula;  it  is  only  neceeaary  to 
divide  the  anionnt  of  hydrogen  by  unity  and  the  amoDot  of  oxygen  by  IB.  The  numbers 
R*Bt(  and  6'8S  are  thus  obtained,  which  are  in  the  ratio  of  1 :  I,  nhich  means  that  in 
hydrogen  peroiide  there  is  one  atom  of  hydrogen  to  one  atom  of  oxygon. 

The  lollowing  is  a  proof  ol  the  thirra  practical  role  -.—Thai  to  Jinil  the  ratio  of  Ika 
number  o/alomi  from  the  pttreentagt  compotiti<m,  it  ti  TWcfijory  (u  divido  Iha  pir- 
^rettlaae  amountt  &j/  the  atomio  tctighlt  of  the  eorraponding  tubulancet,  and  to  find 
thi  ratio  irhieh  thrtt  nvmberi  bear  to  each  other.  Let  ns  suppose  that  two  radicle* 
(ximple  or  compound),  whos*  symboU  and  combining  weights  are  A  and  B,  combine 
together,  forming  •  componnd  composed  of  c  atoms  of  A  and  )|  atoms  of  B.  The 
formula  of  the  substnnce  wtU  be  AjBy.  From  this  formnla  we  know  that  our  compound 
contains  rA  ports  by  weight  of  the  flrat  element,  and  yB  of  the  second.  In  100  parts  ol 
our  componnd  tliore  wiU  be  (by  proportion)  -_^.°""'l-  of  the  first  element,  and  '^'^-y^_ 
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will  be  (by  proportion)  -  -^ g- 

ond.  Let  us  divide  these  quantities,  expresi 
iding  cotnbining  weights  ;  we  then  obtain 
tor  the  second  element.      And  these  numbersar 
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It  luKy  be  further  observed  that  even  the  very  language  or  nomeiiclatore  of 
chumtstry  acqaiiei  a  particniar  cloamesa  and  conciseness  by  moaus  of  the  conception  of 
nioIecalcB,  boCHUte  then  the  names  of  suhsUnceg  may  directly  indicate  their  composition. 
TliUB  the  term  'carbon  dioxide' tells  mora  ■bout  and  expresses  CO^,  better  thancarbonio 
acidgHjijOtevencarbonicanhydrido.  Such  nomenclature  iealnwdycmployed  by  many.  But 
eipresaing  tlie  comixisitiou  without  an  indication  or  eveu  hintas  to  the  properties,  would 
bu  neglecting  tile  adnuitageous  tide*  of  the  present  nomendatuie.  Sulphur  dioxide, 
SO},  eipreases  the  ssme  as  barinm  dioxide,  BoOj,  but  snlphnmus  anhydride  indicate* 
the  acid  properties  of  SOj.  Probably  in  time  one  hsrmouions  chemital  l^guago  will 
■nccced  in  embracing  both  advantages. 
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of  a  senes  of  fundamental  chemical  and  physical  data,  inasmuch  as  a 
number  of  the  properties  of  substances  are  dependent  on  their  vapour 
density,  or  molecular  weight  and  composition.     Therefore,  the  vapour 

density  D  =  --.     For  instance,  the  formula  of  ethyl  ether  is  C4H10O, 

hence  it  corresponds  with  the  molecular  weight  74,  and  the  vapour 
density  of  37,  which  is  the  fact.  Therefore,  the  density  of  vapoui-s  and 
gases  ceased  to  be  an  empirical  magnitude  obtained  by  experiment 
only,  and  it  acquired  a  rational  meaning.  It  is  only  then  needful  to 
remember  that  2  grams  of  hydrogen,  or  the  molecular  weight  of  this 
primary  gas  in  grams,  occupies,  at  0^  and  760  mm.  pressure,  a  volume 
of  22*3  litres  (or  22300  cubic  centimetres),  in  order  to  directly  reduce 
the  weights  of  cubical  measures  of  gases  and  vapours  from  their 
formulae,  because  the  molecular  weights  of  all  other  vapours  at  0°  and 
760  mm,  occujty  the  same  volume,  22*3  litres.  Thus,  for  example,  in  the 
case  of  carbonic  anhydride,  CO2,  the  molecular  weight  M=44,  hence  44 
grams  of  carbonic  anhydride  at  0®  and  760  mm.  occupy  a  volume  of 
22'3  litres — consequently,  a  litre  weighs  1*97  grams.  By  combining  the 
laws  of  gases — Gay-Lussac's,  Manotte's,  and  Avogadro-Gerhardt's — we 
obtain  ^  a  general  formula  for  gases 

6256^(273 +0=M/? 

where  s  is  the  weight  in  grams  of  a  cubic  centimetre  of  a  vapour  or  gas 
at  a  temperature  t  and  pressure  p  (expressed  in  centimetres  of  mer- 
cury) if  the  molecular  weight  of  the  gas=:M.  Thus,  for  instance,  at 
100°  and  760  millimetres  pressure  (i.e.,  at  the  atmospheric  pressure) 
the  weight  of  a  cubic  centimetre  of  the  vapour  of  ether  (M=74)  is 
equal  to  «=0-0024.«^ 

As  the  molecules  of  many  elements  (hydrogen,   oxygen,  nitrogen, 

^  This  formula  (which  is  given  in  my  work  on  *  The  Tension  of  Gases,'  and  in  a 
somewhat  modified  form  in  the  '  Comptes  Rendns,'  Feb.  1876)  is  deduced  in  the  following 
manner.  According  to  the  law  of  Avogadro-Gerhardt,  M  =  2D  for  all  gases,  where  M  is 
the  molecular  weight  and  D  the  density  referred  to  hydrogen.  But  they  equal  the  weight 
So  of  a  cubic  centimetre  of  a  gas  in  grams  at  0^  and  76  cm.  pressure,  divided  by 
0*0000806,  for  this  is  the  weight  in  grams  of  a  cubic  centimetre  of  hydrogen.  But  the 
weight «  of  a  cubic  centimetre  of  a  gas  at  a  temperature  t  and  under  a  pressure  p 
(in  centimetres)  is  equal  to  8p/16  (1+a/).  Therefore,  »y=».7C  (l  +  ctt)p;  hence 
D  =  76.5  (l  +  a^)/0.0000896p,  whence  M  =  1524  (l+aO/00000896/),  which  gives  the  above 
expression,  because  l/a=278.  »i/v,  where  m  is  the  weight  and  v  the  volume  of  a 
vapour,  may  be  taken  instead  of  a. 

'*  The  above  formula  may  be  applied  in  order  to  ascertain  directly  the  molecular 
weight  for  a  given  vapour  density,  as  «=the  weight  of  vapour  m,  divided  by  the  volume 
»,  and  consequently  by  experiment,  M  =  6,255  f»  (278  + /)/2>i;.  Therefore,  instead  of  the 
fonnula  {see  Chap.  II.  Note  88),  j>i;  =  R(278  +  f ),  where  R  varies  with  the  mass  and 
jiature  of  a  gas,  we  may  apply  the  formula  |?t;  =  0,255(m;'M)  (273  +  /).  antl  taking  a 
iweight  of  a  gad  m  equal  to  its  molecular  weight,  j>v= 6,256  (273  i-  f)  for  all  gases. 
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chlorine,  bromine,  sulphur — at  least  at  high  temperatures)  are  of  uni- 
form composition,  therefore,  the  formula}  of  the  compounds  formed  by 
them,  directly  indicates  the  composition  by  volume.  So,  for  example, 
the  formula  HNO3  directly  shows  that  in  the  decomposition  of  nitric 
acid  there  is  obtained  1  vol.  of  hydrogen,  1  vol.  of  nitrogen,  and  3  vols, 
of  oxygen. 

And  as  a  great  number  of  mechanical,  physical,  and  chemical 
properties  are  directly  dependent  on  the  elementary  and  volumetric 
composition,  and  on  the  vapour  density ;  so  the  accepted  system  of 
atoms  and  molecules  gives  the  possibility  of  simplifying  a  number  of 
most  complex  relations.  For  instance,  it  may  be  easily  demonstrated 
th<it  the  vis  viva  of  the  molecules  of  all  vapours  and  gases  is  alike.  For 
it  is  proved  by  mechanics  that  the  vis  viva  of  a  moving  mass=^  mt?*, 
where  m  is  the  mass  and  v  the  velocity.  For  a  molecule  m=M,  or  the 
molecular  weight,  and  the  velocity  of  the  movement  of  gaseous 
molecules = a  constant  which  we  will  designate  by  C,  divided  by  the 
square  root  of  the  density  of  the  gas**=C/D^,  and  as  D=M/2, 
therefore,  the  vis  viva  of  molecules=C* — that  is,  a  constant  for  all 
molecules.  Q.E,D.^^  The  specific  heat  of  gases  (as  we  shall  afterwards 
see),  and  many  other  of  their  properties,  are  determined  by  their 
density,  and  consequently  by  their  molecular  weight.  Gases  and 
vapours  in  passing  into  a  liquid  state  evolve  the  so-called  latent  heat, 
which  also  proves  to  be  in  connection  with  the  molecular  weight.  The 
observed    latent   heats    ofj   carbon    bisulphide,    €82= 90,    of   ether. 

»  Chap.  I.  Note  84. 

^  The  velocity  of  the  tratismission  of  aoutid  through  gaaea  and  vapours  closely 
bears  on  this.  It  =  V  Kpg/D  (1  +  at)  where  K  is  the  ratio  between  the  two  specific 
heatH  (it  in  approximately  1*4  for  gases  containing  2  atoms  in  a  molecule),  p  the  pressure 
of  the  gas  expressed  by  weight  (that  is,  the  pressure  expressed  by  the  height  of  a  column 
of  mercury  multiplied  by  the  density  of  mercury),  g  the  acceleration  of  gravity,  D  the 
wei}<ht  of  a  cubic  measure  of  the  gas,  a =0*00367,  and  t  the  temperature.  Hence,  if  K 
be  known,  and  as  D  can  be  found  from  the  composition  of  a  gas,  we  can  calculate  the 
velocity  of  the  transmission  of  sound  in  that  gas.  Or  if  this  velocity  be  known,  we  can 
find  K.  The  relative  velocities  of  sound  in  two  g^»es  can  be  determined  with  peculiar 
ease  (Kundt). 

If  ti  horizontal  glass  tube  (about  1  metre  long  and  closed  at  both  ends)  be  full  of  a 
gas,  and  be  firmly  fixed  in  the  middle,  then  it  is  easy  to  bring  the  tube  and  gas  into  a 
state  of  vibration,  by  rubbing  it  from  centre  to  end  with  a  damp  cloth.  The  vibration  of 
the  jjas  in  easily  rendered  visible,  if  the  interior  of  the  tube  be  dusted  with  lycopodium 
(the  yellow  powder-dust  or  spores  of  the  lycopodium  plant  is  often  employed  in  medicine), 
before  the  gas  is  introduced  and  the  tube  fused  up.  The  fine  lycojwdium  powder  forms 
itself  into  figures,  whose  number  depends  on  the  velocity  of  sound  in  the  gas.  If  there 
be  10  ti<rureH,  then  the  velocity  of  sound  in  the  gas  is  ten  times  slower  than  in  glass.  It 
is  evident  that  this  is  an  easy  method  of  comparing  the  velocity  of  sound  in  gases.  It 
has  been  demonstrated  by  experiment  that  the  velocity  of  sound  in  oxygen  is  four  times 
less  than  in  hydrogen,  and  the  square  roots  of  the  densities  and  molecular  weights  of 
hydrogen  and  oxygen  stand  in  this  ratio. 
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C,H,oO,=94,  of  benzene,  C,,H6,=10!l,  of  alcohol,  C^lIsO,=-200,  of 
chloroform,  CHCls,^67,  ic.  These  figures  show  the  amount  of  heat 
expended  in  conieiling  one  part  by  weight  of  the  aliove  substances 
into  vapour.  A  great  uniformity  is  obser\'ed  if  the  meagurea  of  heat. 
Uh  referred  to  the  weights  of  the  molecules.  For  ca,rlK)n  bisulphide 
the  formula  C'8j  expresses  a  weight  76,  hence  the  latent  boat  of  eva- 
poration referred  to  the  molecular  quantity,  08^^76  x90=;6840,  for 
ether=965G,  for  benzene^ 8502,  for  a]oohol^9200,  for  chloroform 
a=800T,  for  vrater=9620,  itc.  Conaetjuently,  for  molecular  quantities, 
the  latent  heat  varies  comparatively  little,  from  7000  to  lOOOO  heat 
units,  whilst  for  single  parts  by  weight  it  is  for  water  ten  times  greater 
than  for  chloroform  and  many  others.'" 

We  will  cite  yet  one  more  example,  showing  the  direct  dependence 
of  the  properties  of  a  substance  on  the  molecular  weight.  If  one 
molecular  part  by  weight  of  the  various  chlorides^for  instance,  of 
sodium,  calcium,  barium,  ic, — be  dissolved  in  200  molecular  parts  by 
weight  of  water  {for  iustance,  in  3600  grams)  then  it  is  found  that 
the  greater  the  molecular  weight  of  the  salt  dissolved,  the  greater  is 
the  specific  gravity  of  the  resultant  solution.^"     Thus  ; — 
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However,   all    properties    of    substances    do   not   depend    on    the 
molecular  weight  alone.*''     Not  only  chemical,  but  also  many  physical, 

"  H  the  coDceptioii  o[  the  iiidcouUr  weiKhlB  0. 
Inn  wheu  applii^d  to  tlie  Uteiit  htat  of  eTttponttioii 
Derllun  unifunnity  in  figureH,  which  otherviae  only  t 
v»tiou.  Molecohir  qumititieb  of  liquids  appenr  to  P 
in  their  evHpontiuii.  It  ma;  be  said  that  the  latinit  heat  of  e 
quautitie*  is  a|iproxiiusl«l;  convtuit,  bevause  the  ' 
molcauleB  ia,  u  Me  saw  abore,  a  congtant  qoaiil^t;. 

"  Puticnlars  beurmg  on  this  are  )(>'Ba  in  my  war 
(iolationii  bj-  their  SpeciHc  Omrily,"  lS8T,p.  43S. 

"*  Among  the  most  iiotewortlij  of  the  appKoation 
the  Uw  of  Arogiidro-Oerhardt,  arc  Ilioae  generaliai 
whidi  bars  beeu  nieutloued  iu  the  Chap.  I.  (Notei  It 
to  uiisution  the  fuudaineiital  ezperiinente,  Trauhe,  PfeiSer,  and  more  egpeoially,  De  Vriea. 
Traub«  showed  llint  Certain  Hpei^iallj-^irepared  films  (precipitated  membrimea)  Of 
insoluble  snbstancea  (foe  example,  thouj  wliich  otd  formed  from  the  salts  of  <xipper  and 
lerroKjanide  o(  iHilassiura)  hove  thu  property  of  sllowiDg  the  pssssge  o(  water  whilst 
retaining  the  snbstaricea  di«>olved  iu  it,  aud  it  was  therefore  poasihle  by  this  mean*  ti> 
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properties  are  determined  hy  the  composition  of  tlie  molecules,  and  by  tlie 
properties  of  the  elements  forming  them.     Thus  the  density  of  solids  • 

dotermine  tlio  omnotiG  ptvoanre,  ob  iii  Uie  eiperimtut  dewHhed  in  Chitp.  I.  Note  Ifl. 
De  Vrios  foniirl  in  regpUhli]  oells  n  rainveiiieut  meiuis  of  det^nuiuuii;  such  (iBOtotiic) 
Bolutions,  which  produce  iiidentical  oBniotiu  presaoceB.  A  tliiii  slice  ot  i.  colotuod  plntit 
timue — for  inatimce,  of  Tradtncantia  diacolor — is  moistaned  under  the  microscopa  with 
the  aotation  to  be  tested.  11  its  ouooUo  presaun  be  eqiuJ.  or  Icwi  thiLti  tbot  of  the 
liquid  oontuned  iti  the  celU,  oa  visible  chanfte  oi'cim  i  but  if  the  li<]uid  tiikeii  be  endned 
with  a  greater  DBDiDtic  preamre  tlion  the  celluUr  nap,  then  the  w&ter  will  pnu  Irom 
tbe  cell,  uid  the  cohmred  matter  of  the  cell  will  nhrink  awny  fron]  the  envelope,  and 
tliia  proeesa  Ih  eKaily  obaerved  nnder  the  microscope.  Knowing,  then,  the  osmoUo 
preasare  for  any  one  sabstance — for  inatiuiqe,  fur  iiagar — with  different  strenj^hi  of  lolu- 
tiaus,  it  ia  poaaible  to  Bud  the  o«nu)tic  piessnre  ot  all  other  enbHlanceB  investigated, 
becauBe  it  ia  nhoim  b;  direct  uxperlmsnt  that  the  osmatic  preiinure  inoreasei  in  pro- 
portion to  tbe  strength  of  the  solution.  Thus  having  filed  on  iwy  one  Bolutance — for 
inBtanee,  Bugar— and  on  one  of  its  nolntiunt,  we  may  nee  the  anbstanci!  ot  the  reautta 
which  Lave  been  attained. 

If  taa  on  p.  Qll  a  one  per  cent,  solution  ot  NUgar  be  taken,  then  according  to  tba 
eiiwrimenta  made  by  Ffeiller  (187T)  ita  oamotic  preaanre  =  GS'fi  ceutimetrea  at  14°. 
According  to  the  tomiula  ot  augar,  Ci,H„0,i,  its  moleoalar  weight  M^3<3,  and  aa  the 
weight  ot  a  cubic  centiiuelre  of  a  one  per  cent,  aslution  of  augar  ^  I'OOS  gram,  tlierefoie 
the  weight  of  aagar  in  a  cubic  centimetre  ot  the  aolution,  or  t  io  the  preceding  fonnala 
(p.  3aa:aa£5i(3TS-i-t]^Mji),  >aei)nai  to  O'OIOOS  gram,  and  therefore,  acoordiug  to  this 
formula  [aaM  =  8ia  and  t  =  I*!,/! ^SS-fl  oBntimetrea.  Thia  ehowa  that  if  the  tugar  were, 
instead  of  being  in  volution,  in  a  tinie  of  vajmur.  then  in  fullowiog  the  law  ot  Avogadio- 
Gerhaidt  il  tcoHldproducr  a  preuura  eqaal  to  the  otmutic  j;re«iiira.  TiuB  deduction 
{whoae  senac  ia  at  present  not  clear)  forma  the  aaliBtonce  of  Von't  lIoS's  doctrine 
(Chap.  I.  Sote  IB),  when  I'-l  (Chap.  I.  Note  »fl). 

ConBeqnenUy,  the  molecular  weight  detenninea  the  osmotic  pressure  (and  together 
with  it  the  vapour  tenaiou  and  temperature  of  freeiing,  according  to  Note  49,  Chap.  I.), 
and  therelore  the  oiolecular  weight  itaelf  may  be  determined  by  the  (Mmotio  pressure  as 
well  aa  by  the  vapour  density. 

But  BO  simple  a  relation  only  eiiata  tor  dilDt«  solutions  ot  enbatoncea  like  angar, 
which  du  not  conduct  an  electric  current,  for  which  I"  1.     For  aalta  and  ocida  which     ' 
conduct  a  current,  thia  factor  varies  up  to  i-l  (Chap.  I.  Note  40|.    Arrhenina  eipUina 
tbie  pbenomenoii  by  snppoaing  (partially  after  Hitlflrt  and  Clanaina)  that  a  portiou  of 

Bociation,  and  owing  to  this  the  number  ot  mnleculea  is  multiplied  (Chap.  I.  Note  4B). 
Ah  the  conceptiana  ot  lliia  order  have  been  «>  yet  bnt  very  little  developed,  and  aa  in 
regarding  eolations  from  thia  point  of  view,  which  is  warmly  supported  by  Ostwald,  ths 
water  or  aolTent  In  general,  which  oertainly  playa  on  important  part  in  aolutiona,  and 
BHpedally  dilute  ones,  is  entirely  loat  sight  of,  I  consider  it  premalure  at  preaent  to  en- 
plain  the  theory  of  Acrbeniua,  but  think  that  it  containa  the  aeeda  [or  farther  develop- 
ment and  tor  ito  beiug  merged  into  a  fuller  theory  of  aolutiona. 

For  the  matter  now  under  our  conaideration  we  need  not  «e  in  the  fact  ot  tha 
variability  ot  •  any  hindionoe  to  employing  (a)  the  determination  ot  the  oemotic  prenmre, 
(6)  the  trseKing  point  of  a  aolvent  (the  ao-called  Booult's  methodl,  and  (c|  tlie  variation 
of  the  vapour  denaity  as  meana  tor  Ending  the  molecular  weight  of  a  substance  in  solu- 
tion, not  only  in  the  ordinary  Doaea  when  i  — 1,  but  even  in  those  cases  where  i>  I. 
Tliese  methoda  have  already  proved  useful  tor  solving  the  question  of  the  moleculai 
weight  in  many  particular  instances  among  the  hydrocarbons,  and  aome  portion  ot  their 
application  to  inorganic  compounds  will  be  mentioued  in  the  furtber  course  of  thia  work. 

It  may  not  be  superfluoun  to  remark  that  theounotic  pnweure  in  the  cells  of  organisms 
attains  several  atmosphrres,  and  probably  forma  one  of   the  oanaea  determiiiing  the 


S24  PRI5CIFI-E?i  OF  CHEXL^TBY 

•ad  liquidi  (aa  will  afterwards  be  ahown)  is  ehieflj  (ktermined  bj  the 
weigbtA  of  the  atom:s  of  the  etementa  entering  into  their  composition, 
intksmuch  as  heavy  ffreet  ekments  and  compovinds  are  only  met  with 
Mooag  aahfitanees  containing  elements  with  large  atomic  weights,  such 
as  gold,  pUtinam,  and  uranium.  And  these  dements  themselTes,  in  a 
free  state,  are  the  heaviest  of  all  elements.  Sobstanees  containing  snch 
light  elements  as  hydrogen,  carbon,  oxygen,  and  nitrvjgen  (like  many 
organic  snbsitances)  never  have  a  high  speci6c  gravity  :  in  the  majority 
of  cases  it  scarcely  exceeds  that  of  water.  The  density  generally 
decreases  with  the  angmentation  of  the  amoont  of  hydrogen,  as  the 
H^test  element,  and  a  substance  is  often  obtained  lighter  than  water. 
The  refractive  power  of  substances  also  entirely  depends  on  the  com* 
position  and  the  properties  of  the  component  elements.*^     The  history 

tndiridii*]  fonctionft  of  the  c«iU.  The  further  deTelopment  of  the  qiiestiozL»  toaehin^ 
€m  tfat*  tmh'jeci  shoold  in  this  numner  noi  only  aid  the  perfecting  of  the  theory  of  solo- 
ikm»  Imt  aJflo  the  further  progre<M  of  physiiologie&l  aeience. 

^  With  respect  to  the  optieal  refrmctire  power  of  MibstAnces,  it  most  &r?it  be  oiMerred 
thai  the  coefficient  of  refraction  i»  determined  bj  two  methods  :  ia)  either  aQ  the  dat* 
*re  referred  to  one  definite  rav — for  in»t«Doe,to  the  Frmoenhofer  ( sodium  i  line  D  of  the 
mAmr  Mpecinnn — that  in.  to  a  ray  of  definite  ware  length,  and  often  to  that  red  r&r  tof  the 
'hydrogen  upeetmm)  who«e  ware  length  in  656  million  parts  of  a  millimecre:  i6»  or 
Caoehy'fi  formala  in  aiied,  showing  the  relation  between  the  coefficient  of  refraction  and 

di«per»i^m   to    the  wave    length  n  ==  A  -^        ,  where  A  and  B  are  two  constAnts  varv- 

o  * 

ing  for  every  Mnl/titance  bnt  constant  for  all  rays  of  the  spectrnm,  and  a  i*  the  wave  length 
of  that  ray  who«e  coefficient  of  refraction  in  n.  In  the  latter  method  the  inve.-^tigation 
Qfinally  c^tncemn  the  magnitade«  of  A,  which  are  independent  of  dispersion.  We  shall 
afterwarrla  cite  the  data,  inve»tigated  by  the  first  method^  by  which  Gladstone,  Landolt, 
and  rHhern  entablinhed  the  conception  of  the  refraction  eqoivalent. 

The  corffi.rAent  of  re.fraciUfn  n  for  a  given  sabstance  dcfcrease^.  a*  has  long  been 
'  kn//wn,  with  the  denHity  fnf  a  gnbutance  D, so  that  the  magnitude  (n  —  l\  -^D  =  c  is  almost 
conMtant  for  a  givcnri  ray  Shaving  a  definite  wave  length)  and  for  a  given  substance.  This 
cz/nntant  i«  c-alled  the  rffraciite  energy^  and  its  product  with  the  atomic  or  molecular 
weight  of  a  Mubstance  the  rrfraction  equivalent.  The  coefficient  of  refraction  of  oxygen  is 
I'MMTZl,  of  hydrr^en,  l'(KM)14,  their  densities  (referred  to  water)  are  000143  and  0  00009, 
and  their  atr^mic  weightH,  0=  10,  H  =  1  ;  hence  their  refraction  equivalents  are  3  and  1*5. 
Water  r:ontainH  H//^,  conf*e<|uently  the  sum  of  the  equivalents  of  refraction  is  (2  x  1-5)  -j- 
8=»6.  But  as  the  coefficient  of  refraction  of  water  =  1'331,  therefore  its  refraction  equi- 
valimt  — 6'96H,  (it  nearly  f$.  The  comparison  shows  that,  approximately,  the  sum  of  the 
refraction  e<|uivalents  of  the  atoms  forming  compotmds  (or  mixtures^  is  equal  to  the  re- 
fra^^imi  equivalent  of  the  compound.  According  to  the  researches  of  Gladstone,  Landolt, 
Hagen,  Briihl  and  others,  the  refraction  equivalent  of  the  elements  are — H  — 1*3,  Li  =  3"8, 
B-i40,  C  ^60,  N--41  (in  its  highest  state  of  oxidation,  53),  0  =  30,  F-1-4,  Na  =  4-8, 
Mg  '  70,  Al  H-4,  Hi  -  0-8,  P=  18-8,  8  - 160,  CI  =  99,  K  =  81,  Ca=  104,  Mn  =  12  2,  Fe  - 120, 
Hn  the  naltn  of  its  higher  oxides  201),  Co  =  10'8,  Cu  =  ll-6,  Zn  =  10-2.  As  =  ir,-4.  Bi  =  15-3, 
Ag-lri'7,  Cd-l«ft,  1-24-0,  Pt  =  2l}0,  Hg  =  20'2,  Pb-24-8,  Ac.  The  refraction  equi- 
valents of  many  elements  could  only  l>e  calculated  from  the  solutions  of  their  compounds. 
The  c^ornjKisition  of  a  solution  being  known  it  is  possible  to  calculate  the  refraction 
equivah'Tit  of  one  of  its  component  parts,  those  for  all  its  other  components  being  known. 
The  reMuIts  are  founded  on  the  acceptance  of  a  law  which  cannot  be  strictly  applied. 
Nevertheless  the  conception  of  the  refraction  equivalents  gives  an  easy  means  for  directly, 
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of  chemistry  presents  a  striking  example  in  point — Newton  fore- 
saw from  the  high  refractive  index  of  the  diamond  that  it  would 
contain  a  combustible  substance  since  so  many  combustible  oils  have 
a  high  refractive  power. 

As  i*egards  purely  chemical  relations,  especially  the  understanding 
of  reactions  and  the  structure  of  substances,  the  fecundity  of  the  law 
of  Avogadro-Gerhardt  is  evinced  at  every  step  of  the  contemporary 
path  of  chemistry.  Starting  from  the  laws  and  conceptions  of 
Lavoisier  the  chemistry  of  our  time  is  entirely  founded  on  the  laws 
of  Dalton  and  Avogadro-Gerhardt,  on  the  doctrine  of  Berthollet 
respecting  the  equilibria  brought  about  in  chemical  actions,  and  on  the 
conceptions  of  dissociation  introduced  into  the  science  by  Saint-Claire 
Deville. 

although  only  approximately,  obtaining  the  coefficient  of  refraction  from  the  chemical  com- 
position of  a  substance.  For  instance,  the  composition  of  carbon  bisulphide,  €82= 76, 
and  from  its  density,  1*27,  we  find  its  coefficient  of  refraction  to  be  1*618  (because  the 
refraction  equivalent  =5  +  2x16  =  87),  which  is  very  near  the  actual  figure.  It  is  evident 
tliut  in  the  above  representation  compounds  are  looked  on  as  simple  mixtures  of  atoms, 
and  the  physical  properties  of  a  compound  as  referable  to  the  properties  present  in 
the  elementary  atoms  forming  it.  If  this  representation  of  the  presence  of  simple 
atoms  in  compounds  did  not  exist,  then  the  effort  to  combine  by  a  few  figures  a  whole 
mass  of  data  relating  to  the  coefficient  of  refraction  of  different  substances  would  hardly 
arise.  • 
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CHAPTER  VIII 

CARBON   AND   THE    HYDROCARBONS 

It  is  necessary  to  clearly  distinguish  between  the  two  closely-alliecl 
terms,  charcoal  and  carbon.  Charcoal  is  well  known  to  everybody, 
although  it  is  no  easy  matter  to  obtain  it  in  a  chemically  pure  state. 
Pure  charcoal  is  a  simple,  insoluble,  infusible,  combustible  substance 
produced  by  heating  organic  matter,  and  has  the  familiar  aspect  of  a 
black  mass,  devoid  of  any  crystalline  structure,  and  completely  in- 
soluble. Charcoal  is  a  substance  possessing  a  certain  combination  of 
physical  and  chemical  properties.  This  subst*ince,  whilst  in  a  state  of 
ignition,  combines  directly  with  oxygen ;  in  organic  substances  it  is 
found  in  combination  with  hydrogen,  oxygen,  nitrogen,  and  sulphur. 
But  in  all  these  combinations  there  is  no  real  charcoal,  as  in  the  same 
sense  there  is  no  ice  in  steam.  What  is  found  in  such  combinations  is 
termed  *  carbon  ' — that  is,  an  element  common  to  charcoal,  to  those  sub- 
stances which  can  be  formed  by  it,  and  also  to  those  substances  from 
which  it  can  be  obtained.  Carbon  may  take  the  form  of  charcoal, 
but  appears  also  as  diamond  and  as  graphite.  It  is  true  that  no 
other  element  has  such  a  limitation  in  its  terminology.  Oxygen  was 
always  called  *  oxygen,'  whether  it  was  in  a  free  gaseous  state,  or  oxygen 
m  the  form  of  ozone,  or  oxygen  in  water,  or  in  nitric  acid  or  in  carbonic 
anhydride.  But  here  there  is  a  certain  confusion.  In  water  it  is 
evident  that  there  is  no  oxygen  in  a  gaseous  form,  such  i\s  can  be 
obtained  in  a  free  state,  no  oxygen  in  the  form  of  ozone,  but  a  sub- 
stance which  is  capable  of  producing  both  oxygen,  ozone,  and  water. 
As  an  element  oxygen  possesses  a  known  chemical  individuality,  and 
an  influence  on  the  properties  of  those  combinations  into  which  it 
enters.  Hydrogen  gas  is  a  substance  which  reacts  with  difficulty,  but 
hydrogen  as  an  element  represents  in  its  combinations  an  easily  dis- 
placeable  component  part.  Carbon  may  be  considered  as  an  atom  of 
carbon  matter,  and  charcoal  as  a  collection  of  such  atoms  forming  a 
whole  substance,  as  molecules  in  the  mass  of  the  substance.  The 
accepted   atomic  weight  of   carbon   is    12,  because   that  is  the  least 
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quantity  of  carbon  which.  ent«rs  into  coinbinntioii  in  molecules  of  its 
compounds;  but  the  weight  of  the  molecules  i  if  cbnrcoal  is  probably 
very  great.  This  weight  remains  unknown,  because  chtircoal  is  capable 
of  but  few  direct  reactions,  and  those  only  at  a  high  temperature  (when 
the  weight  of  its  molecules  probably  changes,  as  when  ozone  changes  into 
oxygen),  when  it  does  not  turn  into  vapour.  Carlioii  exists  in  nature, 
l>oth  in  a  free  and  coml:iined  state,  in  moat  varied  funns  and  aspects. 
Carbon  in  a  free  state  is  found  in  at  least  three  ditTerent  forms,  us 
charcoal,  graphite,  and  the  diamond.  In  a  combined  state  it  enters 
into  the  composition  of  what  are  called  organic  substances — a 
multitude  of  substances  which  are  found  in  all  plants  and  animals.  It 
exists  ae  carbonic  anhydride  lioth  in  air  and  in  water,  and  in  the  soil 
and  crust  of  the  earth  as  salts  of  carbonic  acid  and  as  organic  i-emains 
The  variety  of  the  substances  of  which  tlie  structure  uf  plants  and 
animals  is  built  up  is  familiar  to  all.  Wax,  uil,  turpentine,  and  tar, 
cotton  and  albumin,  the  tissue  of  plants  and  the  muscular  fibre  of 
animals,  vinegar  and  starch,  are  all  vegetable  and  animal  matters,  and 
all  carbon  compounds.'     The  sphere  of  carbon  coiujxtunds  is  so  vast 

'  Vfiod  ifl  the  non-vitftl  fiurt  of  ligceoua  pl&atii;  the  vital  part  of  ardioaTj  tret<s  t* 
mtokted  between  the  bnik  and  the  lignin.  Evory  yeai  a  lajer  of  Vigaia  is  deposited 
on  this  part  hy  the  jaicea  vhlch  are  ub&orbed  by  the  roots  and  worked  op  by  the  lenYeti ; 
tor  tliia  rEasoD  the  age  of  trees  may  be  determined  by  the  nuaibei  of  lignia  Uyera  depu- 
sited.  The  (ollowinR  year  tbe  juices  travel  over  a  new  layer,  and  in  thin  way  the  layer 
already  depoeiled  Berres  only  as  a  sopport  for  the  vital  parts  ol  the  tree.  A  liring  tree 
(Day  be  regnrded  dh  an  agglomeration  at  many  plants  living  on  one  sapport.  The  woody 
□utter  ■:onsiHt«  princitnlly  of  fibrons  tissoe  on  to  which  the  Ugnin  or  so-called  incrust- 
ing  mutter  has  been  deposited.  The  tisane  has  the  cotnpoeition  CgHigOi.  the  SQbatance 
ileposited  on  it  contains  more  carbon  and  hydrogen  and  less  oiygen.  This  niBtter  is 
saturated  with  moistDre  when  the  vrood  is  in  a  fresh  state.  Fresh  birch  wmd  conlaJns 
about  81  p.c.  of  water,  lirae  wood  17  p.u.,  oak  Sfi  p.c.  pine  and  fir  about  37  p-c.  When 
dried  in  the  ui  the  wood  loses  a  conaidemlile  quantity  of  water  and  not  more  than  19  p.u. 
renuuDs.  By  artificial  menus  this  !o»a  of  water  may  ba  increased.  II  water  be  driven 
into  the  pores  of  wood  it  bei^omes  heavier  than  water,  a>  the  lignin  ol  wliich  it  is  torn* 
pued  ba«  a  density  of  about  1*6.  One  cubic  centimetre  nt  birch  wood  docs  not  weigh 
more  tbau  (rgOl grams, lit  O'Sei,  liioe  tree 0-61T,  pophir  0-70S when  in  afresh  stale;  when 
in  a  dry  state  birch  weit;ha  0-633,  pine  OGBO.  fir  O-SSS,  lime  0130,  gnaiacnm  1-319. 
ebony  I'SSfl.  It  is  not  out  of  place  to  remark  here  that  on  one  deciatin  |3-T  acres) 
of  woodland  the  yearly  growth  averages  an  amount  of  3000  kilognuns,  or  180  poods  of 
wood,  but  rarely  reaches  aa  mnch  as  BOOO.  The  average  chemical  oompoaition  of  wood  dried 
ia  air  may  bo  expreased  as  follows:— Hygroscopic  water  IS  p.c,  carbon  19  p.c,  hydrogen 
G  p.c.,  tnygen  and  nitrogen  37  p.c,  ash  1  p.c  Wood  parts  with  its  hygroscopic  water  at 
160°,  auddeeoinpoaesat  about  SOO°,givingabrown,  brittle,  so-called  red  charcoal;  abovs 
HAO"  black  charcoal  is  produced.  From  the  abote-mentioDed  average  composition  ol 
wood  it  is  evident  that  tbe  hydrogen  may  be  accepted  as  being  in  about  the  quantity  Vo 
combine  with  the  oxygen,  an  the  hydrogen  contained  in  the  wood  requires  for  itscombaa- 
tion  abnnt  forty  jiarla  by  weight  of  oxygen.  Therefore  all  that  bums  of  tbe  wood  ie  the 
carbon  whiDb  it  contains,  lUO  |iarts  of  wood  only  giving  out  as  mnch  beat  as  forty  parts 
uf  charcoal.  Charcoal  gives  out  much  more  useful  heat  than  wood  because  the  water  con- 
tained in  the  wood,  or  formed  by  tbe  combination  of  its  ovygen  and  hydrogen,  has  to  be' 
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that  it  forms  a  separate  branch  of  chemistr}-,  which  treats  of  the  com- 
pounds of  carbon,  part  of  which  are  met  with  in  plants  and  animals. 


evaporated  during  its  combnstion.  The  above-mentioned  composition  of  wood  shows, 
that  it  would  be  far  more  profitable  to  use  charcoal  for  heating  purposes  than  wood,  if  it 
were  possible  to  obtain  it  in  such  quantities  as  correspond  with  its  percentage  ratio— that 
is,  forty  parts  per  100  parts  of  wood.  Generally,  however,  the  quantity  produced  is  far 
less,  not  more  than  80  p.c,  because  part  of  the  carbon  is  given  off  as  gas,  tar,  <tc.  If 
wood  has  to  be  transported  great  distances,  or  if  it  is  necessary  to  obtain  a  very  high 
temperature  by  burning  it,  then  even  as  little  as  25  p.c.  of  charcoal  from  100  parts  of 
wood  may  be  advantageous.  Charcoal  (wood)  develops  on  burning  8000  heat  units^ 
whilst  wood  dried  in  air  does  not  develop  more  than  2800  units  of  heat;  therefore 
seven  parts  of  charcoal  give  as  much  heat  as  twenty  parts  of  wood  ;  but  twenty  parts  of 
wood  are  only  capable  of  yielding  five  parts  of  charcoal.  This  datum  may  be  used  for  com- 
paring the  heating  power  of  wood  and  charcoal.  As  regards  the  temperature  of  combus- 
tion, it  is  far  higher  with  charcoal  than  with  wood,  because  twenty  parts  of  burning  wood 
give,  besides  the  carbonic  anhydride  which  is  also  formed  with  charcoal,  eleven  parts  of 
water,  the  evaporation  of  wliich  requires  a  considerable  amount  of  heat. 

The  composition  of  the  growing  parts  of  plants,  the  leaves,  young  branches,  shoots,  A'c.,. 
differs  from  the  composition  of  the  wood  in  that  these  vital  parts  contain  a  considerable 
quantity  of  sap  which  contains  much  nitrogenous  matter  (in  the  wood  itself  there  is  veiy 
Uttle),  mineral  salts,  and  a  large  amount  of  water.  Taking,  for  example,  the  composition 
of  clover  and  pasture  hay  in  the  green  and  dry  state.  Jn  100  parts  of  green  clover  there 
is  about  80  p.c.  of  water  and  20  p.c.  of  dry  matter,  in  which  there  are  about  3'5  parts  of 
nitrogenous  matter,  about  9*5  parts  of  soluble  and  about  5  parts  of  insoluble 
non-nitrogenous  matter,  and  about  2  p.c.  of  ash.  In  dry  clover  or  clover-hay  there  is 
about  15  p.c.  of  water,  13  p.c.  of  nitrogenous  matter,  and  7  p.c.  of  ash.  This  com- 
position of  grassy  substances  shows  that  they  are  capable  of  forming  the  same  sort  of  char- 
coal as  wood  itself.  It  also  shows  the  difference  of  nutritive  properties  existing  between 
wood  and  the  substances  mentioned.  These  latter  serve  as  food  for  animaU,  because 
they  contain  those  substances  which  are  capable  of  being  dissolved  (entering  into  the 
blood)  and  forming  the  body  of  animals  ;  such  substances  are  proteids,  starch,  &c.  Let 
us  remark  here  that  with  a  good  harvest  an  acre  of  land  gives  in  the  fonu  of  grass  as 
much  organic  substance  as  it  yields  in  the  form  of  wood. 

One  hundred  parts  of  dry  wood  are  capable  of  giving,  by  means  of  dry  distillation,^ 
besides  25  p.c.  of  charcoal  and  10  p.c.  or  more  of  tar,  40  p.c.  of  watery  liquid,  containing 
acetic  acid  and  wood  spirit,  and  about  25  p.c.  of  gases,  which  may  be  used  for  heating  or 
lighting  purposes,  because  they  do  not  differ  from  ordinary  illuminating  gas,  which  can 
indeed  be  obtained  from  wood.  As  wood-charcoal  and  tar  are  costly  products,  in  some 
cases  the  dry  distillation  of  wood  is  carried  on  principally  for  producing  tlieni.  For  this 
purpose  those  kinds  of  woods  are  particularly  advantageous  which  contain  resinous  sub- 
stances, especially  coniferous  trees,  such  as  fir,  pine,  &c. ;  birch,  oak,  and  ash  give  niuch 
less  tar,  but  on  the  other  hand  they  yield  more  waterj'  liquid.  The  latter  is  used 
for  the  manufacture  of  wood  spirit,  CH4O,  and  acetic  acid,  C.2H40>-  lu  such  cases 
the  dry  distillation  is  carried  on  in  stills.  Stills  are  nothing  more  than  hori- 
zontal or  vertical  cyhndrical  retorts,  made  of  boiler  plate,  heated  with  fuel  and 
having  apertures  at  the  top  and  sometimes  also  at  the  bottom  for  the  exit  of  the  light  and 
heavy  products  of  distillation.  The  dry  distillation  of  wood  in  stoves  is  carried  on  in  two 
ways,  either  by  burning  a  portion  of  the  wood  inside  the  stove  in  order  to  submit  the 
remainder  to  dry  distillation  by  means  of  the  heat  obtained  in  this  manner,  or  by  placing 
the  w^ood  in  a  stove  the  thin  sides  of  which  are  surrounded  with  a  flue  leading  from  the 
fuel,  placed  in  a  space  below. 

The  first  means  does  not  give  such  a  large  amount  of  liquid  products  of  the  drv 
distillation   as  the  latter.     In  the  latter  process  there  is  generally  an  outlet  belou  for 
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This    branch   of    chemiBtry   is  known    under   the    i 
chemistry — ^that   is,  the   chemistry  of  carbon   compounds, 
strictly,  of  the  hydrocarlmns  and  their  derivatives. 

If  any  one  of  these  organic  compounds  be  strongly  heated  without 
access  of  air — or,  better  still,  in  a.  vacuum— it  decomjioses  with  n 
less  facility.  When  organic  substances  are  heated  in  air,  it  is  well 
known  that  they  bum  ;  but  if  the  supply  of  air  be  insufficient,  or  the 
temperature  \te  too  low  for  combustion,  and  if  the  first  volatile  pro- 
ducts of  transformation  of  the  organic  matter  are  subjected  to  con- 
densation  (for  example,  if  the  door  of  a  stove  be  opened),  an  imperfect 
combustion  tAkes  place,  and  smoke,  with  charcoal  or  soot,  is  formed,* 

emptying  eui  the  cliarcnol  at  the  clow  ol  the  openlion.     For  the  dry  di«t 
pirta  ol  wood  from  lort;  to  twenty  pu-ts  of  Fuel  ue  aned, 

Theto  »re  muny  steps  between  the  mBthod  ot  baming  wood  in  itadis  {Note  i),  >nd 
Ulftt  ot  bunitne  it  in  tin  imclnwil  ipace — DUnely,  thou  in  whkh  the  bum 


oo»l  J*  aceompanied  by  n  cerlain  prodDction  o[  I*r. 

dug  in  the  euth  Mid  hkvinR  doping  bottonii,  by  which  contrirencc  the  tar  aepuvted  by 
the  chuTinK  of  the  wood  flowa  into  apeciaJ  receiver!.  This  proceHH  ia  much  Died  in 
the  north  ol  B 

In  the  nortli  ol  Snuiia  wood  in  so  plentilnl  and  cheap  that  this  locality  iu  admirably 
fitted  to  become  the  centre  ol  a  general  trade  in  Che  products  of  the  dry  diatil- 
lation  of  wood.  Coal  {Half  d|,  aeo-weed.  tarf,  animal  sDbetanccs  iChap.  V'l.),  He,  are 
alio  (Dbmitlcd  to  the  prweaa  ol  dry  diiitill&tion. 

'  The  reaiUt  ol  imperlect  combnition  ia  not  only  the  loaa  ol  a  part  ol  the  fuel  and  tbe 
production  of  amoke,  which  in  aome  nwpecti.  ia 

ftlao  a  tow  Same  temperature,  which  meana  that  a  leat  amonnt  of  heat  i«  tranamitted  U 
the  object  healed.     Imperfect  combiution  ia  not  only  alwaya  accompanied  by  the  Is 
tion  ol  wiot  or  unboml  partidei  ol  charcoal,  bot  alao  by  that  ot  carbonic  oxide,  CO,  in  th 
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The  nature  o(  the  plipnomcnnn,  and  the  products  arising  from  it,  are 
the  same  as  those  produced  Ity  hcnting  alone,  as  that  part,  which  is  in  a 
state  of  combustion  serves  to  heat  the  remainder  of  the  fuel,  Thedeconi- 
position  which  takes  place  on  heating  a  compound  composed  of  carboii, 
hydrogen,  and  oxygen  is  as  foUowa  : — A  part  of  the  hydrogen  ia  sepa- 
rated in  a  gaseous  state,  another  part  in  combination  with  oxygen, 
and  a  thin!  part  separates  in  combination  with  carbon,  and  aometinaes  in 
combination  with  carbon  and  oxygen  in  the  form  of  gaseous  or  volatile 
products,  or,  as  they  are  also  called,  the  productK  of  dry  distillation. 
If  the  vapours  of  these  products  are  passed  through  a  highly-heated 
tube,  then  they  are  changed  again  in  a  siwilar  manner,  and  finally 
resolve  themselves  into  hydrogen  and  charcoal.  All  these  various  pro- 
ducts of  decomposition  contain  a  smaller  amount  of  kar1>on  than  the 
]irimary  organic  matter  ;  part  of  the  carbon  separates  in  combination 
with  hydrogen  and  oxygen,  but  part  of  it  remains  in  a  free  state,  form- 
ing charc4jal.'    It  remains  in  that  space  where  the  decomposition  takes 

uiDoke  (Chapter  IX.)  nhioh  burns,  emitting  mucb  heftt.  In  wurke  and  [tLClnrieH  wlieni 
lirgB  qnnJitilieB  oIIubIub  consumed,  mauy  applianceB  are  ajopled  lo  eiiiiare  perfect  com- 
buHtiuu,  and  to  combat  against  sucli  a  ruinoua  practice  ae  tbu  impurtectvumbuBtiou  of 
tual.  TbH  moat  eSectiTB  and  radical  meuu  consists  in  emplDying  the  eombD^tibla  g«aea 
I  regenerative  and  water  gaseB),  becaone  bj  tbeir  aid  perfect  combastioa  can  be  eaail; 
realiiMd  witbont  a  iou  of  beat- producing  power  nnd  the  higheat  Mmimratiue  na 
be  readied,  Wben  solid  fuel  is  ased  (gnch  as  coal,  wood,  and  turf),  imperteut  couilioiition 
t>  most  liable  to  occur  wbnii  the  fnmace  doom  ore  oiieiied  for  tbe  iiitroilDctiou  of  freiih 
fuel.  The  step  lanicu«  muy  often  prove  a  remedy  fur  thin  defect.  In  the  ordiiuijr 
furnace  tresb  fuel  is  placed  on  the  burning  fuel,  and  tbe  products  of  dry  distillaUon  of 
tlie  fresb  fuel  bnve  (o  bum  at  the  expense  of  the  oxygen  remaining  unconibmed  mlh 
tbe  burnt  fuel.  Imperfect  combastiun  is  observed  in  this  cam  also  from  tbe  [act  tilal 
tb«  dry  distiUation  and  eyapotation  of  the  water  of  the  fresh  fuel  lying  on  the  top  of  Hut 
burnt,  lowers  the  temperalnre  of  the  flame,  becaase  pad  cf  the  heat  beeomea  latenL 
On  thie  account  a  large  amonnt  of  smoke  |im)iettect  iH]mbustian}is  observed  when  a  Cneh 
iguanttt;  of  fuel  is  introduced  into  the  foruace.  This  may  be  obviated  by  conatmcUng 
the  Inniace  |or  managing  the  stoking)  in  such  u  way  that  the  products  of  diitillationpftM 
through  the  red-bot  chartMMl  remaining  from  the  burnt  fueL  It  is  only  necesaary  In 
order  to  ensure  this  to  allow  a  suf&cient  qnantity  o!  air  lor  perfect  combuHtion,  All  UuB 
may  be  easily  attained  by  the  use  of  step  fire-bam.  The  fuel  is  shovelled  into  a  (iuuibI 
and  falls  on  to  the  fire.bam,  which  are  disposed  in  the  form  ot  a  staircese,  b  buruinjf 
tliaronal  is  below,  and  therefore  tbe  flame  (ormed  by  the  fresh  fuel  is  healed  by  tbe  con- 
tact of  tbe  red-hot  bnming  charcoal,  A.n  aJr  supply  through  the  fire  grate,  and  its  eqaal 
dietribution  ou  the  fire-bara  (otherwise  the  sir  will  blow  through  the  empty  spaee  and 
lower  tbe  temperature),  a  proper  proportion  between  the  sopply  of  air  and  the  uhinmej 
draught,  aud  a  perfect  admixture  of  air  with  the  flame  (nilhont  an  undue  excess  of  air], 
are  the  means  by  which  we  can  strive  against  the  imperfect  combnstiou  of  such  kindi  of 
fuel  as  wood,  peat,  and  ordinary  (smoky)  coal.  Coke,  steam  coal,  anthracite,  bum  with- 
out smoke,  becaase  tlioy  do  not  contain  hydrugcuous  substances  which  furnish  the  i>ro- 
dncts  of  dry  distillstioD,  but  imperfect  combustion  may  occur  with  them  also ;  then  the 
nuioke  contains  carbonic  oxide. 

*  The  TBrioua  kinds  ol  coal  used  in  practice  and  found  in  nature  are  tlie  products  ot 
the  transmaUtion  ol  the  remnins  ol  organic  matter.  There  is  no  i>r);iuiic  substance 
which  contains  in  itself  anfllcient  oxygen  not  only  to  combine  with  hydrogen  in  oriler  to 
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place  in  the  shape  of  a  black,  infusible,  non-voliitile  charcoal  familiar 
to  all.  The  earthy  matter  and  all  non-volatile  aubstances  (ash)  forni- 
ing  a  part  of  the  organic  matter,  remain  behind  with  the  charcoal.  The 
tar-like  substances,  which  require  n  high  temj>eniture  in  order  to  de* 
compoMe  them,  also  remain  mixed  with  charcoal.  If  a  volatile  organic 
substance,  such  na  a  gaseous  compound  containing  ojiygen  and  hydro- 
j^en,  be  taken,  the  carbon  separat«s  on  paB.sing  the  vapour  through  a 


lorm  wa(«r,  but  also  to  nnits  with  tbe  cultun  tu  funii  (>srboaic  anhydride.  The 
jpre&ter  piut  of  ve^iiibLe  tJHBUfl  uoofliHtB  of  tbe  celloloBe.  C^HiuO^ ;  (rom  its  nornpoiii^ 
tion  it  is  evident  tbat  tbeaxygea  in  inauffiaient  to  tnmgfortn  the  hydrogen  utowkter  and 
the  carbon  into  carbonic  anhydride,  becsuse  tor  thin  puriiou  it  would  rrquirA  IT 
equivaleDta  and  it  only  contaiuB  S.  This  reoeoniiiK  also  refers  to  all  the  remainiug 
iorganio  aubBtancee.  Under  the  action  of  air.  organic  substoncea  are  capable  of  oiidiuujr 
to  buch  an  extent  th&t  all  the  earbuD  and  all  the  hyilrogen  tbey  contain  will  be  tranx- 
tormed  into  carbonic  anhydride  and  water.  The  refuueofplnntB  and  animals  are  subjectsd 
toaucb  a  change  whether  Iheyalowly  dBOOtnpose  and  pntrefy,  or  rapidly  bum,  with  direct 
access  to  air.  Bnt  it  the  supply  of  air  be  limited,  then,  in  \-irtoe  of  the  aboie-atated 
reasoning,  there  cao  be  no  complete  tranatormation  into  water  and  carbonic  anhydriite, 
sjid  Ilierefore,  it  urgiinic  matl«i  decompoies  under  thene  coudllions,  charcoal  must 
Temain,  as  it  is  a  nun-volatile  substiuice.  All  uTgajiic  BabHtancm  are  mutable,  they  do 
not  TBuat  beat,  and  in  time  easily  change  at  ordinary  temperatures,  particularly  it  water 
be  prewmt.  Therefore  it  is  easy  to  andentand  that  charcoal  may  be  obtained  in  many 
oaaee  Ihrongh  the  traoatomiatiaD  at  Hubstimces  entering  into  the  composition  ol 
orgiuuBms,  but  tbat  it  is  nevei  touud  in  a  pure  etaCe. 

The  transformation  of  organic  matter  is  not,  however,  so  simple  as  would  appear 
from  the  preceding  statements ;  that  is  to  say,  water  and  carbonic  anhydride  are  not  the 
'Only  products  sepanted  from  organic  snbatances.  Carbon,  hydrogen,  and  oxygen  are 
capable  ol  giving  a  maltitude  of  compounds:  some  of  these  are  volatile  compounds, 
gaseous,  solable  in  water — tbey  are  curried  oS  from  orguic  matter,  undergoing  change 
without  access  of  air.  Others,  on  the  contrary,  are  non-volatile,  rich  in  curbon,  couaUint 
under  the  influence  of  heat  and  other  agents.  The  latter  remain  in  admixture  with 
cbarcoal  where  the  decomposition  takes  place;  such,  for  example,  ore  tarry  sub. 
Btancea.  The  quantity  of  those  bodies  which  are  found  mixed  with  the  charcoal  1»  very 
varied,  and  depends  on  the  energy  and  duration  of  the  decomposing  influeuoe.  For 
instance,  when  wood  is  first  acted  on  by  beat,  the  oioisture  separateB;  it  then  (ume 
browD,  but  still  cuntainn  a  large  amount  ot  oxygen  and  hydrogen.  It  the  action  lie 
lurtlier  eontinoed  the  quantity  ot  these  latter  elements  diminislies,  and  the  proportion  ut 
carbon  in  the  residue  increases,  altUungh  a  part  of  it  is  carried  off  in  the  abape  ot  the 
volatile  prodoots  ol  decomposition.  The  greater  the  beat,  the  loss  the  quonUty  of  char- 
coal obtained,  and  the  Isu  the  amount  of  hydrogen  and  oxygen  contained  in  tbe  remain- 
ing charcoal.  The  annexed  table  shows,  according  to  the  data  ol  Violette,  those  changes 
io  which  wood  is  subjected  at  various  tempernturcs  when  biubmitted  to  dry  distillation  by 
means  ot  superheated  steam :— 
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tul)e  heated  to  a  high  temperature.  Organic  substances,  when  burning 
with  an  insufficient  supply  of  air,  give  off  soot— that  is,  charcoal — pro- 
ceeding from  carbon  compounds  in  a  state  of  \'apour,  the  hydrogen, 
of  which  has,  by  combustion,  been  converted  into  water  ;  so,  for  instance, 
turpentine,  naphthalene,  and  other  hydrocarbons  which  are  with  diffi- 
culty decomposed  by  heat,  easily  yield  carbon  in  the  form  of  soot  during 
combustion.  Chlorine  and  other  substances,  which,  like  oxygen,  are 
capable  of  taking  up  hydrogen,  and  also  substances  which  are  capable 
of  taking  up  water,  can  also  separate  carbon  from  (or  char)  most  organic 
substances. 

When  organic  substances  are  burning  in  an  insufficient  supply  of 
air,  they  both  separate  and  leave  charcoal.  Part  of  it  remains  behind 
as  a  residue,  as,  for  instance,  after  burning  wood  in  a  stove  some  remains 
in  the  form  of  charcoal.  Wood  charcoal  is  prepared  in  large  quantities^ 
in  a  similar  manner — that  is,  by  the  partial  combustion  of  wood.*  In 
nature  a  like  process  of  carbonisation  of  vegetable  refuse  takes  place  in 
its  transformation  under  water,  as  sho^vn  by  the  marshy  vegetation 
which  forms  peat."*     In  this  manner,  doubtless,  the  enormous  masses- 

*  The  object  of  producing  charcoal  from  wood  has  been  explained  in  Footnote  1. 
Wood  charcoal  is  obtained  in  Bo-called  stacks  by  partially  burning  the  wood,  or  by 
means  of  dry  distillation— that  is,  by  heating  wood  in  an  enclosed  space  (in  retorts. 
Note  1) — without  the  access  of  air.  It  is  principally  manufactured  for  metallur- 
gical processes,  especially  for  smelting  and  forging  iron — that  is,  for  use  in  smithies^ 
The  preparation  of  charcoal  in  stacks  has  one  advantage,  and  that  is  that  it  may  be 
done  on  any  spot  in  the  forest.  But  in  this  way  all  the  products  of  dry  distillation 
are  lost.  For  charcoal  burning,  a  pile  or  stack  is  generally  built,  in  which  the  logs  are 
closely  placed,  either  horizontally,  vertically,  or  inclined,  forming  a  stack  of  from  six  to 
fifty  feet  in  diameter  and  even  larger.  Under  the  stack  there  are  several  horizontal  air 
passages,  and  an  opening  in  the  middle  to  let  out  the  smoke.  The  surface  of  the  stack  ia 
covered  with  sods  to  a  considerable  thickness,  especially  the  upper  part,  in  order  to  hinder 
the  free  passage  of  air  and  to  concentrate  the  heat  inside.  When  the  stack  is  kindled,  the 
pile  begins  to  settle  down  by  degrees,  and  it  is  then  necessary  to  look  after  the  turf 
casing  and  keep  it  in  repair.  As  the  combustion  spreads  throughout  the  whole  pile,  the 
temperature  rises  and  real  dry  distillation  conmiences.  It  is  then  necessary  to  stop  the 
air  holes,  in  order  as  much  as  possible  to  prevent  unnecessary  combustion.  The  nature 
of  the  process  is,  that  part  of  the  fuel  bums  and  develops  the  heat  required  for  sub- 
jecting the  remainder  to  dry  distillation.  The  charring  of  the  stack  lasts  about  a  fort- 
night, and  is  brought  to  a  termination  by  scattering  earth  over  the  incandescent  charcoal 
to  stop  the  combustion.  The  charring  is  stopped  when  the  products  of  dry  distillation^ 
which  are  emitted,  no  longer  bum  with  a  brilliant  flame,  but  the  pale  blue  flame  of 
carbonic  oxide  appears.  Dry  wood  in  stacks  yields  about  one-fourth  of  its  weight  of 
charcoal. 

*  When  dead  vegetable  matter  undergoes  transformation  in  air,  in  the  presence  of 
moisture,  there  remains  a  substance  much  richer  in  carbon — namely,  humus,  black  earth 
or  mould.  100  parts  of  humus  in  a  dry  state  contain  about  70  p.c.  of  carbon.  The  r(X)t8, 
leaves,  and  stems  of  plants  which  wither  and  fall  off  form  a  soil  rich  in  hunms. 
The  non-vital  vegetable  substances  (ligneous  tissue)  first  form  brown  matter  (ulmic 
compounds),  and  then  black  matter  (humic  substances),  which  are  both  insoluble 
in  water  ;  after  this  a  brown  acid  is  produced,  which  is  soluble  in  water  (apocrenic  acid),. 
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■of  coal  were  formed,*  which,  following  the  e-vample  set  by  England,  are 
now  utilised  everywhere  as  the  principal  material  for  heating  steani 

and  laatly  a  colonrleHB  acid  iiIbo  Bolnbte  in  wftt«T  (otenic  arid).  Alkali  diBsolrea  n  part 
of  tbe  original  brown  and  black  inbiiliuicss,  formin);  BolatioDH  of  •  brown  tint  (qlmic 
luiil  homic  iwidii).  which  wmietimaa  comnionioata  tlieir  colour  to  upringB  and  rivers.  TliB 
cnmpontion  □(  the  hnmiiB  in  the  toil  is  generally  in  oonneotion  with  it*  fertility;  firstly , 
becuaiie  pnlmtying  plants  deielop  carbonic  anhydride  and  ammonia,  and  yield  (he  Mkline 
■abatances  which  ate  nsuessary  to  vegetation ;  secondly,  because  linmas  is  oajiable  of 
attracting  the  moisture  of  tliB  air  and  of  absorbing  water  {twice  its  weight)  aud  in 
tfaift  way  keeps  tbo  soil  in  a  damp  condition,  which  is  indiiipenaablB  for  nourinhmenl ; 
thirdly^  humus  renders  the  soil  porous,  and,  fourthly,  renden  it  more  capable  of  tibvorb- 
ing  the  heat  of  the  son's  raya.     On  this  account  black  earth  is  often  moat  remarkable  for 
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]  extent  of  bhick  earth  soil  is  treated  in  deUil  in  Professor  Dokou- 

If  those  substances  which  produce  hnmns  undergo  decomposition  onder  water,  leas 
carbonic  anhydride  ia  tomied,  a  quantity  of  manli  gaa.  CB,,  is  evolved,  and  the 
solid  tesidac  fnrms  an  acid  bumiia,  tonnd  in  great  ijaantities  in  loarahy  places,  and 
called  peat.  Peat  especially  abounds  in  the  lowlands  of  Holland.  North  Qernuny, 
Itehuid,  and  Bavaria.  In  Russia  it  is  Ukewiae  (uuiid  in  huge  quantities,  especially  in  the 
North-west  dialrictn.  The  old  hard  forms  of  peat  resemble  in  composition  and  properties 
brown  ooal ;  the  newest  formations,  as  yet  nnhardened  by  ptBBsure,  form  very  porous 
masses  which  retain  traces  of  the  vegetable  matter  from  which  they  have  been  formed. 
Dried  (and  sometimes  pressed)  peat  is  used  u  fuel.  The  compositiun  of  [wat  varies 
considerably  with  the  locality  in  which  it  is  Imuid.  When  dried  in  air  it  does  not  coutaiD 
less  than  IE  p.c.  of  water  and  B  pf.  of  ash;  the  remainder  consists  of  tS  p.c.  of  carban, 
i  p.c,  ul  hydrogen,  1  p.e.  of  nitrogen,  and  38  p.c.  of  oxygen.  Its  heating  power  is  about 
nquivalent  in  that  of  wood.  The  brown  earthy  varieties  nf  cool  were  probably  formed 
from  peat.  In  other  cases  they  have  a  marked  woody  structure,  and  are  then  known  as 
lignites.  Ths  composition  of  the  brown  sorte  of  coal  reseiiiblea  in  a  marked  degree  that 
ol  peat — namely,  in  a  dried  state  brown  coal  contains  ou  an  avers^e  60  p.c.  of  carbon,  6 
)i.a.of  hydrogen,  3<]  p.c.  ol  oxygen  and  nitrogen,  and  0  p.c,  of  ash.  In  Rnssia  brown  coalia 
inet  with  iu  many  districts  near  Moscow,  in  thcgovemmentaof  Toula  aod  Tver  and  the 
neighlnorhiiod ;  it  is  very  generally  used  aa  fuel,  particularly  when  loond  in  thick 
aeama.  The  brown  coals  generally  bum  with  a  Same  like  wood  and  peat,  and  are 
akin  la  them  in  healing  power,  which  is  two  or  three  limes  less  than  that  ol  the  beat 

*  Grass  and  wood,  the  vegetation  of  primeval  ssas  and  similar  refuse  of  al!  geological 
periods,  mast  have  been,  in  many  caaea,  subjected  to  the  sams  change*  they  now 
undergo — Uut  is,  under  water  they  fonued  peat  am'  lignites.  Sach  substances,  pre- 
served for  a  long  time  underground,  subjected  to  the  attion  of  water,  compressed 
by  the  new  strata  formed  above  them,  transformed  by  tho,  separation  of  thnir 
more  voUtile  compoueut  ports  (peat  and  lignites,  even  in  a  finished  stale,  still 
continue  to  evolve  nitrogen,  carbonic  anhydride,  and  marsh  gases),  form  coal.  Coal  is  a 
denae  homogeneoas  mass,  dark  brown  or  block,  with  im  oily  or  glassy  lustre,  or,  more 
rarely,  dnll,  without  any  evident  vegetable  structure ;  tliis  distingnislies  it  in  appearance 
from  the  majority  of  lignites.  The  density  of  coal  (not  counting  the  admixture  ol 
pyrites,  &i!.)  varies  from  1'9G  (dry  bitnminous  coal)  to  I'D  (anthracite,  Qameless),  and 
even  reaches  IS  Ln  the  very  dense  vsristy  of  ooal  found  iu  the  Oloncitiky  goremnient 
(termed  thnugite),  which,  according  to  the  iovestittallons  of  Professor  Inoslrautiell,  may 
be  regarded  as  the  extreme  member  of  the  vsrioos  forms  of  coal. 

In  order  Co  explain  the  lomutiou  of  cool  from  vegelAble  luatMr,  Caigniard  de  la  Tour 
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Iwibrs,  and  in  general  for  all  purposes  of  heating  and  burningj  Busna 
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0'',  and  nhowed  thAt  when  wood  ia  dui^oniposed  in  this 
Hnd  ft  residue  ore  (onned.  The  Itttter.dt  »  tempernlnre  of  SOO 
ehnrooot  incompletely  bnmt ;  at  SOO"  uid  higher  n.  honiogenec 
whith  kt  SiO"  is  dense  uid  without  oavitieG.  At  400°  the  n 
III  aatare  probably  the  decoiupoaition  wae  eftected  by  Ileal 
innre  geueiMll;  it  «-■*  effected  by  ninum  of  water  anil  heat,  but  i 
ougllb  to  be  almOBt  the  Bame, 

The  average  compoHitioii  of  coni  compiled  from  many  analyaee,  dtaregardiDg  the- 
aitli,  IB  as  follnwH  :  84  porta  of  carbon,  Tt  parth  of  hydrogen,  1  part  of  nitrogen,  H  porta  of 
oxygtm,  S  of  vulphnr.  The  Diediaoi  quantity  ti(  aah  in  S  p.c,  but  there  are  eoals  which 
contain  a  Urge  iguanlity,  and  Dotnially  they  are  not  bo  odvautageoDB  tor  use  aa  (nei.  A* 
regorda  the  amooiit  of  water,  cool  in  this  teApect  is  much  more  plolltable  than  lignite  or 
peat,  OB  it  does  not  DBUoUy  contain  more  than  IQ  p.c.  of  water.  The  anlhracilf  form 
a  remolkoble  variety  of  voalfi,  and  ore  indeed  Bometimea  placed  in  a  separate  category ; 
they  do  not  give  any  volatile  producti.  or  but  a  very  Binall  amount,  aa  thsy  contain  hiit 
httle  hydroiren  compared  to  oxygen.  In  the  average  composition  of  coul  we  saw  that  tor 
6  parts  of  hydrogen  there  were  8  porta  of  oxygon  ;  therefore  1  port*  by  weight  of  the 
hydrogen  are  capable  of  farmiug  li)'drocorboua,  hecsuM  1  port  of  hydrogen  is  naceBaaly 
in  order  to  torm  water  with  the  H  parts  of  oxygen.  These  *  porta  by  weight  of  hydrogen 
con  convert  48  part*  of  carbon  iuto  the  form  of  beiixene  or  aimilar  volatile  pioduote, 
because  1  part  of  hydrogen  by  weight  in  these  substances  oonibines  with  13  parts  of 
carbon.  The  anthrocilflB  differ  essentially  from  this ;  neglecting  the  ash,  their  average 
oonipowtion  la  as  toUoffa ;  94  parte  of  corboD,  S  of  hydrogen,  and  3  of  oxygen  and 
liitnigen.  According  to  the  analyses  of  A.  A.  Voskresensky,  the  QrousheSsky  anthracite 
(Don  district)  contains:  C  =  B8*8,  H  =  1'7,  ash^lS.  Tlieretcro  the  anthrocitea  contiun 
bnt  little  hydrogen  capable  o[  combining  with  the  carbon  to  form  hydrocarbonsi  which 
bum  with  a  flame.  Anthracitea  are  the  most  ancient  forms  of  coal.  The  newest  and 
leaat  tranformed,  which  resemble  some  of  the  brown  varieties,  are  the  dry  coals  (tirllner'a 
Ersl  group).  They  bum  with  a  flame  tike  wood,  and  leave  a  coke  having  the  appearance 
of  lumps  of  cool,  holt  their  component  parts  being  absorbed  by  the  flame  (they  contain 
much  hydrogen  and  oxygen).  The  remuning  varieties  of  cool  (3ud  group,  gas  Ooal ; 
Srd,  smithy  tvol ;  4th,  coking ;  and  Sth,  anthracite,  according  to  Qrtjner)  iu  all  reapects 
form  connecting  hnks  between  the  dry  cools  and  the  anthracites.  These  coals  bom  with 
a  very  smoky  flame,  and  on  being  heated  leave  coke,  which  bears  the  Bame  reUtion  to 
coal  as  charcoal  does  to  wood.  The  quantity  and  quality  of  coke  taries  considerablf 
with  Uie  different  sort*  of  cool  from  which  it  is  formed.  In  practice  coals  are  most  often 
distinguished  by  the  properties  and  quantity  of  the  cnke  which  they  give.  In  this  par- 
ticular the  sn-called  bituminous  cools  are  especially  raluoble,  as  even  small  coal  (baked) 
of  this  kind  gives  by  dry  diMillaticn  large  spongy  musses  of  coke.  If  huge  pieces  of 
Ibese  Mndt  of  coal  ore  anhjected  lo  dry  distillation,  they,  as  it  were,  melt,  flow  together, 
and  lorni  eaking  masses  of  coke.  The  best  coking  soals  give  UR  p.c.  of  dense  coking 
coke.  Such  coal  is  very  valuable  [or  metallurgical  purposes  (ice  Note  8).  Besides  coke, 
the  dry  distillation  of  oool  produces  gus  (ikh  further,  illuminating  gas),  coal-tar  (which 
gives  benzene,  carbolic  acid,  naphthalene,  tor  for  artiflcial  asphalt,  Sm,).  and  also  a 
watery  alkaline  liqoid  (with  wood  and  lignites  the  liquid  is  acid  from  acetic  acid)  which 
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possesses  many  very  rich  coalfields,  amongst  which  the  Don  district  is 
most  worthy  of  remark." 

During  the  imperfect  combustion  of  volatile  substancesi  containing 
carbon  and  hydrogen,  the  hydrogen  and  part  of  the  carlion  first  burn, 
and   the   i-emainder  of  the  carbon  forms   soot.     If  oil  of  turpentine, 


tribute  aSO  luillionB— Ruiwift  uboat  8}  milUoiiB.  the  United  States  ol  America  aome  oeit 
tu  Engluid  witli  n,a  output  of  75  millioa  tonn,  then  GeimuDj  <I0  millions ;  Frani-e 
produces  tiat  little  (30  mitliaus),  and  takes  uboat  G  million  tons  Iioni  Bn^lsJid,  Besides 
Iiausehold  purposes,  coal  is  cliielty  used  as  Fuel  Fur  ateam-enginoa.  As  every  horae.power 
( =  TG  kilonnuotuetnis  per  second)  oF  a  steiuu-eiigine  eipeiidi  on  tke  arersge  mare  tJutn 
9G  kilognuns  iu  31  hoars,  or  in  a  year  (oounting  atoppsKesJ  not  less  than  fi  Ioob  per 
liorae-power;  and  there  are  not  lesa  than  40  million  horiiG-power  at  vork  in  the  norld, 
the  eoniumption  of  oool  tor  motire-power  is  at  least  equal  to  halt  the  whole  production. 
Foe  this  reason  aoal  servos  as  a  iitandivrd  for  iadnstrial  development.  About  lii  p.c.  of 
coal  is  used  for  the  manufacture  of  cast  iron,  vronght  iron,  steel,  and  orticleti  made  of 
them. 

<  The  principal  workable  coal  lieds  nt  Russia  ore :  Tlie  Don  basin  (IIS  million  poods 
par  annum,  6tl  poods  ^1  ton),  tlie  Foliali  basin  (Doinbraio  and  others  110  million  poods 
p«r  annum),  tlie  Toola  and  Riouut  beds  of  the  Moscow  basin  (ap  to  aS  millioa  poods), 
the  Ural  basin  (10  milhon  poods),  the  Caucasian  (Klibool,  near  Kutais),  the  KfairjbiH 
■teppeo,  the  smith;'  coal  basin  (Ooi .  of  Tomsk),  the  Sabaline,  tie.  The  Polish  and  Mos- 
cow banns  do  not  give  any  coking  coaU.  The  presence  of  every  variety  of  coal  (from  the 
dry  coal  near  LiBichaoena  on  the  Douetz  to  thesjilhracilea  of  theentireBouth.eaBtbaBin), 
the  great  abiutdance  of  excellent  metallurgical  coal  (caking,  ace  Mote  6}  in  the  western 
part  of  the  basin,  its  Taat  extent  («■  much  aa  Sfi,DO«  sq.  Tersts),  the  proiimit;  uf  the 
seams  In  the  surface  (the  shafts  are  now  from  SO  to  100  fathoms  deep,  and  ic  England 
and  Belgium  ox  deep  as  900  fathoms),  the  fertility  ol  the  soil  (block  earth),  the  proximity 
ot  the  sea  (aboat  100  versts  bum  the  Sea  of  Aioff)  and  of  tJie  rivers  DoneU,  Don,  and 
Dnieiwr,  the  most  abundant  seams  of  excellent  iron  ore  (Korson  Mogila,  Krivoyrog, 
Souliu,  Sill,.  &-C,),  copper  ore,  mercury  ore  (near  Nikitooka,  iu  the  BaUunonth  distriot  of 
the  Ekaterinoslav  Gov,),  and  other  ores,  the  richest  probably  in  the  whole  world,  Uie 
beds  of  rock-salt  (near  the  stationa  of  theStoupka  and  Brtaniovka),  (he  excellent  clay  of 
all  kinds  (china,  flre.*ilay).  gypeuni,  sUte,  sandstoue,  and  other  wealth  of  the  Don  coal 
basin,  give  complete  HSsuronce  of  the  laot  that  with  the  ((rowtb  of  iudoitrial  autjvity  in 
Russia  this  boantifal  land  of  the  Cossacks  and  New  Russia  willheeome  the  centre  ot  the 
most  extensive  productive  enturprise,  not  only  fur  the  requirements  ol  Russia  oloue.  but 
at  the  whole  world,  because  in  no  other  place  cao  lie  tonud  such  a  uonuintratiou  of 
(avourahle  couditions.  The  growth  ol  enterprise  and  knowledge,  together  with  the 
extincljon  ol  the  forests,  which  compels  Raasia  to  foster  the  production  of  coal,  will  help 
to  bring  abont  this  desired  result,  The  forest  wealth  of  North  Russia  and  the  naphtha, 
treasures  of  Caoeasas  can  only  contribute  to  ita  advancement,  and  have  not  the  power 
Id  oheck  tliat  influence  which  the  Don  coal  hasin  should  have  on  the  industrial  state  ol 
Russia.  England  with  a  whole  fleet  of  merchant  vessels  exports  annnally  about  3E 
million  tons  of  coal,  the  price  of  which  is  higher  than  on  the  Doneti  (where  a 
pood  of  worked  cool  costs  less  than  fi  copecks  on  the  average),  where  anthracites  and 
semi. anthracites  (like  Cardiff  or  steam  coal,  which  bums  without  smoke)  and 
cokiug  and  metallurgical  cooU  ore  able  both  in  quantity  and  quality  to  satis^  the  moat 
fastidious  requirements  of  the  industry  already  existing  and  rapidly  iucreaaiug  every- 
where. In  IflGO  the  world's  coneomptian  and  pnxluction  of  cool  wan  only  fiOOO  miUion 
poods,  and  now  the  quantity  has  risen  to  2SU00  uiiUion  poods.  The  coal  mines  ot 
England  and  Belgium  ale  approaching  tu  a  stat«  ot  uxhanstion,  wliilst  in  those  ol  ths 
Don  basin,  only  at  a  depth  ot  100  fathoms  1300000  ffiilliuu  poods  ot  coal  lies  waiting 
to  be  worked. 
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or  naphthalene  or  other  hydrocarbons,  be  burned  in  the  open  air,  soot  is 
formed  in  large  quantities,  because  these  substances  contain  a  large 
amount  of  carbon.  Tar,  pitch,  and  similar  substances  for  this  reason 
bum  with  a  smoky  flame.  Thus,  soot  is  finely-divided  charcoal, 
separated  during  the  imperfect  combustion  of  the  vapours  and  gases 
of  carbonaceous  substances  rich  in  carbon.  Specially-prepared  soot 
{lampblack)  is  very  largely  used  as  a  black  paint,  and  a  large  quantity 
goes  for  the  manufacture  of  printers'  ink.  The  quantity  of  organic 
matter  remaining  undecomposed  in  the  charcoal  depends  on  the 
temperature  to  which  it  has  been  submitted.  Charcoal,  prepared  at  the 
lowest  temperature,  still  contains  a  considerable  quantity  of  hydrogen 
and  oxygen — even  as  much  as  4  p.c.  of  hydrogen  and  20  p.c.  of 
oxygen.  Such  charcoal  still  preserves  the  structure  of  the  substance 
from  which  it  was  obtained.  Ordinary  charcoal,  for  instance,  in  which 
the  layers  of  the  tree  are  yet  visible,  is  of  this  kind.  On  submitting  it 
to  further  heating,  a  fresh  quantity  of  hydrogen  with  carbon  and 
oxygen  (in  the  form  of  gases  or  volatile  matter)  may  Ije  separated,  and 
the  purest  charcoal  will  be  obtained  on  submitting  it  to  the  greatest 
heat.^  If  it  be  required  to  prepare  pure  charcoal  from  soot,  it  is 
necessary  first  to  wash  it  with  alcohol  and  ether,  in  order  to  get  rid  of 
the  soluble  tarry  products,  and  then  submit  it  to  a  powerful  heat  to 
drive  off  the  impurities  containing  hydrogen  and  oxygen.  Charcoal, 
however,  when  completely  purified  does  not  change  in  appearance. 
Everybody  knows  that  charcoal  is  a  black  amorj^hous  substance, 
without  any  signs  whatever  of  crystallisation  (probably  a  colloid).  Its 
porosity, ''^  bad  conducting  power  for  heat,  capability  of  absorbing  the 

^  As  it  is  difficult  to  separate  from  the  charcoal  the  admixture  of  ash — that  is,  tlie 
earthy  matter  contained  in  the  vegetable  substance  used  for  producing  charcoal — in  order 
to  obtain  it  in  its  purest  condition,  it  is  necessary  to  use  such  organic  substances  as  do 
not  contain  any  ash,  for  example,  completely  refined  or  purified  crystallised  sugar, 
crystallised  tartaric  acid,  &c. 

^^  The  cavities  in  charcoal  are  the  passages  through  which  those  volatile  products 
formed  at  the  same  time  as  the  charcoal  liave  passed.  The  degree  of  porosity  of 
charcoal  varies  considerably,  and  has  a  technical  significance,  in  different  kinds  of 
charcoal.  The  most  porous  charcoal  is  very  light;  a  cubic  metre  of  wood  charcoal 
weighs  about  200  kilograms.  Many  of  the  properties  of  charcoal  which  depend  exclu- 
sively on  its  porosity  are  shared  by  many  other  porous  substances,  and  vary  with 
the  density  of  the  charcoal  and  depend  on  the  way  it  was  prepared.  The  power  which 
charcoal  has  of  absorbing  gases,  liquids,  and  many  substances  in  solution,  has  refe- 
rence to  this.  The  densest  kind  of  charcoal  is  formed  by  the  action  of  great  heat  on 
sugar.  The  lustrous  gray  dense  charcoal  fonned  in  gas  retorts  is  also  of  this  character. 
Tliis  dense  charcoal  collects  on  the  internal  walls  of  the  retorts  subjected  to  great  heat, 
and  is  produced  by  the  vapours  and  gases  separated  from  the  heated  coal  in  the  retorts. 
In  virtue  of  its  density,  such  charcoal  becomes  a  good  conductor  of  the  galvanic  current 
and  approaches  graphite.  It  is  principally  used  in  galvanic  batteries.  Coke,  or  the 
•charcoal  remaining  from  the  imperfect  combustion  of  coal  and  tarry  substances,  is  also  but 
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luminous  rays  (due  to  its  blackness  and  opacity),  and  many  other  quali- 
ties are  familiar  from  everyday  experience."  The  specific  gravity  of 
charcoal  varies  from  1  '4  to  1  '9,  and  that  it  floats  on  water  is  due  to  the 
air  contai^ed  in  its  pores.  If  charcoal  be  reduced  to  a  powder  and 
moistened  with  spirit,  it  immediately  sinks  in  water.  It  is  infuftible  in 
the  furnace  and  even  at  the  temperature  of  the  oxyhydrogen  flame.  In 
the  heat  generated  by  means  of  a  strong  galvanic  current,  charcoal 
only  softens,  but  does  not  completely  melt,  and  on  cooling  it  is  found 
to  have  undergone  a  complete  change  both  in  properties  and  appearance, 
and  is  more  or  less  transformed  into  graphite.     The  physical  stability 

Klightly  porous,  brilliant,  does  not  soil  or  mark  paper,  is  dense,  almost  devoid  of  the  faculty 
of  retaining  liquids  tvnd  solids,  and  does  not  absorb  gases.  The  light  sorts  of  charcoal 
_l)roduced  from  charred  wood,  on  the  other  hand,  show  this  absorptive  power  in  a  most 
marked  degree.  This  property  is  particularly  developed  in  that  very  fine  and  friable 
charcoal  prepared  by  heating  animal  substances,  such  as  hides  and  bones.  The  absorp- 
tive power  of  charcoal  with  reference  to  gases,  is  similar  to  the  condensation  of  gases  in 
s]»ongy  platinum.  Here  evidently  there  is  a  phenomenon  of  the  adherence  of  gases  to  a 
solid,  precisely  as  liquids  have  the  property  of  adhering  to  various  solids.  One  volume 
of  charcoal  will  absorb  the  following  volumes  of  gases  (charcoal  is  capable  of  absorb- 
ing  an  immense  amount  of  chlorine,  almost  equal  its  own  weight) : — 


Saussure  Favre  Heat  emittetl 
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Tlie  quantity  of  gas  absorbed  by  the  charcoal  increases  with  the  pressure,  and  is 
approximately  proportional  to  it.  The  quantity  of  heat  given  out  by  the  absorptioii 
nearly  approaches  that  set  free  on  dissolving,  or  passing  into  a  liquid  condition. 

Charcoal  absorbs  not  only  gases,  but  a  number  of  other  substances.  For  instance, 
alcoliol,  which  contains  disagreeably  smelling  fusel  oil,  on  being  mixed  with  charcoal  or 
filtered  though  it,  loses  the  bulk  of  the  fusel  oil.  The  practice  of  filtering  substances 
through  charcoal  in  order  to  get  rid  of  foreign  matters  is  often  applied  in  chemical  and 
manufacturing  processes.  Oils,  spirits,  various  extracts,  and  vegetable  and  other  solu- 
tions containing  an  admixture  uf  colouring  or  odorous  matters,  and  also  water,  are 
Hltered  through  charcoal  in  order  to  purify  them.  The  bleaching  power  of  charcoal 
may  be  tested  by  using  various  coloured  solutions — such  as  aniline  dyes,  litmus,  &c. 
Charcoal,  which  lias  absorbed  one  substance  to  saturation,  is  still  capable  of  absorbing 
certain  other  substances.  The  more  jwrous  charcoal  is,  the  greater  its  surface,  and  this 
is  the  reason  why  animal  diarcoal,  produced  in  a  very  finely-divided  state,  especially  by 
lieatiu}^  b(»ne8,  makes  the  best  sort  for  the  purjwses  ot  absorption.  Bone  charcoal  is 
used  in  hirge  quantities  in  sugar  works  for  filtering  syrups,  and  all  saccharine  solutions, 
in  order  to  purify  them,  not  only  from  colouring  and  odorous  matter,  but  also  from  lime. 
which  is  mixed  with  the  syrups  in  order  to  render  them  less  unstable  during  boiling* 
The  jihsorj)tion  of  lime  by  animal  charcoal  depends,  in  all  probability,  in  a  great  degree 
on  tlie  mineral  comiK)nent  parts  of  bone  charcoal. 

' »  Charcoal  is  a  very  bad  conductor  of  heat,  and  therefore  forms  an  excellent  insulator 
or  packing  to  prevent  the  transmission  of  heat.  A  charcoal  lining  is  often  used  in 
crucibles  for  heating  many  substances,  as  it  does  not  melt  and  resists  a  far  greater  heat 
than  many  other  substances. 

VOL.    I.  * 
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of  charcoal  is,  without  doubt,  aUied  to  its  chemical  stability.  It  is 
evidently  a  substance  devoid  of  energy,  as  charcoal  is  insoluble  in  all 
known  liquids,  and  at  an  ordinary  tempemfure  does  not  combine  tviih 
anything  ;  it  is  an  inactive  substance,  like  niti-ogcn.'^  But  these 
properties  of  charcoal  change  with  a  rise  of  temperature  :  thus,  in  contra- 
distinction from  nitrogen,  charcoal,  at  a  high  temperature,  combines 
directly  with  oxygen.  This  is  well  known,  as  charcoal  burns  in  air. 
Jndee<l,  not  only  does  oxygen  combine  vntli  charcoal  at  a  red  heat, 
but  sulphur,  hydrogen,  and  also  iron  and  some  other  metals  do  so 
at  a  very  high  temperature — ^that  is,  when  the  molecules  of  the  char- 
coal have  reached  a  state  of  great  instability — whilst  at  ordinary  tem- 
peratures neither  oxygen,  sulphur,  nor  metals  act  on  charcoal  in  any 
way.  When  burning  in  oxygen,  charcoal  forms  carbonic  anhydiide, 
CO2,  whilst  in  the  vapours  of  sulphur  carbon  bisulphide,  CS^,  is 
formed,  and  wrought  iron,  when  acted  on  by  carbon,  l)ecomes  cast  iron. 
At  the  great  heat  obtained  by  passing  the  galvanic  current  through 
carbon  electrodes,  the  charcoal  combines  with  hydrogen,  forming 
acetylene,  C2H2.  Charcoal  does  not  combine  directly  with  nitrogen, 
but  in  the  presence  of  metals  and  alkaline  oxides,  nitrogen  is  absorbed, 
forming  a  metallic  cyanide,  as,  for  instance,  potassium  cyanide,  KCX. 
From  these  few  direct  combinations  which  charcoal  is  capable  of 
entering  into,  may  be  derived  those  numenms  carbonaceous  compounds 
which  enter  into  the  comi>osition  of  plants  and  animals,  and  which  are 
obtained  artificially.  Certain  substtmces  containinp^  oxygen  pve  up  a 
part  of  it  to  carbon  at  a  relatively  low  temperature.  For  instance, 
nitric  acid  when  lK)iled  with  charcoal  gives  carbonic  anhydride  and 
nitric  peroxide.  Sulphuric  acid  is  reduce<l  to  sulphurous  anhydride 
when  heated  with  carbon.  When  heatefl  Uj  redness  charcoal  ab- 
sorbs oxygen  from  a  large  numl)er  of  the  oxi<les.  Even  such  oxides 
as  those  of  sodium  and  potassium,  when  heated  to  redness,  yield  their 
oxygen  to  charcoal,  although  they  do  not  part  with  it  to  hydrogen. 
Only  a  few  of  the  oxides,  like  silica  (oxide  of  silicon),  and  lime  (calcium 
oxide),  resist  the  reducing  action  of  charcoal.  Charco;d  Is  capiible  of 
changing  its  physical  condition  without  undergoing  any  alteration  in 
its   essential   chemical  pi-operties— that  is,  it  passes  into  isomt^ric  or 

»'  Tlie  nnalterability  of  charcoal  under  the  action  oi  atniosi>heric  influences,  wljioh 
produce  changeii  in  the  majority  of  Btony  and  metallic  KubBtanccH,  is  often  nuule  uw  of 
in  practice.  For  example,  charcoal  is  fre<iuently  strtiwn  in  boundary  ditehes.  The 
surface  of  wood  iH  often  charred  to  render  it  durable  in  thowe  i>laceH  where  the  soil  is 
damp,  and  wood  itself  would  ^on  rot.  The  chanilx*rH  for  in  w)nie  w<^rks  towersi  thron«;h 
which  acidH  i>aHH  (for  example,  Hulphuric  and  hydrochloric)  in  order  to  l»rin;r  them  into 
contact  with  gaHOH  or  liquidn,  ore  filled  with  charcoal  or  coke,  because,  at  ordinary  tem- 
peraturefl,  it  reHists  the  action  of  even  the  moHt  energetic  acids. 
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aUotropic  forms.  The  two  particular  fomis  in  which  carbon  appears 
are  the  diamond  and  yraphite.  The  identity  of  the  composition  of  these 
with  charcoal  is  prov^ed  by  burning  an  equal  quantity  of  all  three 
separately  in  oxygen  (at  a  great  heat),  when  each  gives  the  same 
quantity  of  carl)onic  anhydride — namely,  12  parts  of  charcoal,  diamond, 
or  graphite  in  a  pure  state,  yield  on  burning  44  parts  by  weight  of 
carbonic  anhydride.  The  physical  properties  present  a  marked  con- 
trast ;  the  densest  sorts  of  charcoal  have  a  density  of  only  1*9,  whilst 
the  density  of  graphite  is  about  2*3,  and  that  of  the  diamond  3*5.  A 
great  many  other  properties  depend  on  the  density,  for  instance,  com 
bustibility.  The  lighter  charcoal  is,  the  more  easily  it  burns  ;  graphite 
burns  with  considerable  difficulty  even  in  oxygen,  and  the  diamond 
burns  only  in  oxygen  and  at  a  very  high  temperature.  On  burning, 
charcoal,  the  diamond,  and  graphite  develop  different  quantities  of  heat. 
One  part  by  weight  of  wood  charcoal  converted  by.  burning  into 
carbonic  anhydride  develops  8080  heat  units  ;  dense  charcoal 
separated  in  gas  retorts  develops  8050  heat  units ;  natural  graphite, 
7800  heat  units  ;  and  the  diamond,  7770.  The  greater  the  density 
the  less  the  heat  evolved  by  the  combustion  of  the  carbon.*^ 

By  means  of  intense  heat  charcoal  may  be  transformed  into 
graphite.  If  a  charcoal  rod  4mm.  in  diameter  and  5mm.  long  be  enclosed 
in  an  exhausted  receiver  and  the  current  from  GOO  Bunsen's  elements, 
placed  in  parallel  series  of  100,  be  passed  through  it,  the  charcoal 
becomes  strongly  incandescent,  partially  volatilises,  and  Ls  deposited  in 
the  form  of  graphite.  If  sugar.be  placed  in  a  charcoal  crucible  and 
a  powerful  galvanic  current  passed  through  it,  it  is  baked  into  a  mass 
similar  to  graphite.  If  charcoal  be  mixed  with  wrought  iron  and 
he^ited,  cast  iron  is  formed,  which  absorbs  as  much  as  five  per  cent,  of 
charcoal.  If  molten  cast  iron  be  suddenly  chilled,  the  carbon  remains 
in  combination  with  the  iron,  forming  so  called  white  cast  iron  ;  but  if 
the  cooling  proceeds  slowly  the  greater  part  of  the  carl)on  separates 
in  the  form  of  graphite,  and  if  such  cast  iron  (so  called  grey  cast 
iron)  be  dissolved  in  acid,  the  carbon  remains  in  the  form  of  graphite. 
Graphite  is  met  with  in  nature,  sometimes  in  the  form  of  large 
compact  masses,  sometimes  it  permeates  rocky  formations  like  the 
schists  or  slates,  and  ii>  fact  is  met  with  in  those  places  which,  in  all 

'•'  When  su])jerte<l  to  presstire,  charct>al  Iosoh  h«at,  hence  the  densest  fonn  Ktands  to 
th<'  lesH  dense  as  a  solid  t/)  a  1i({nid,  or  as  a  compound  to  an  element.  From  this  the 
con*  lusion  mijrht  he  drawn,  tliat  the  molecules  of  graphite  are  more  complex  than  those 
of  rharcoal,  and  those  of  the  diamond  still  more  so.  Tlie  sxwcific  heat  shows  the  same 
tliiii;;.  berause,  as  we  shall  see  on  further  ex]K>sition,  the  complexity  of  a  molecule  leada 
to  a  diminution  of  the  specific  heat.  At  ordinary  temperatures,  the  specific  heat  of 
cliareoal  is  02 1,  j^aphite  0*20,  the  diamond  0'147. 

z2 
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probability,  were  submitted  to  the  action  of  subterranean  heat.'^  The 
graphite  in  cast  iron,  and  sometimes  also  natural  graphite,  occasionally 
appears  in  a  crystalline  form  in  the  shape  of  six-sided  plates,  but  more 

« 

often  it  occurs  as  a  compact  amorphous  mass  having  the  characteristic 
properties  of  the  familiar  black-lead  pencil.  ^'^ 

The  diamond  is  a  crystalline  and  transparent  form  of  carbon.  It 
crystallises  in  octahedra,  dodecahedra,  cubes,  and  other  forms  of  the 
regular  system.*®  The  efforts  which  have  been  made  to  produce 
diamonds  artificially,  although  they  have  not  been  absolutely  fruitless, 
have  not  as  yet  led  to  the  production  of  large-sized  crystals,  because 
those  means  by  which  crystals  are  generally  formed  are  inapplicable 
to  carbon.  Indeed,  carbon  in  all  its  forms  being  insoluble  and  infu- 
sible does  not  pass  into  a  liquid  condition  by  means  of  which  crystalli- 

^*  There  are  places  where  anthracite  gradually  changes  into  graphite,  as  the 
strata  sink.  I  myself  had  the  opportunity  of  observing  this  gradual  transformation  in 
the  valley  of  Aosta,  near  Mont  Blanc,  not  far  from  Courmayeur,  near  the  warm  mineral 
waters. 

'^*  Pencils  are  made  of  graphite  worked  up  into  a  homogeneous  mass  by  disintegra* 
ting,  powdering,  and  cleansing  it  from  earthy  impurities ;  the  best  kinds  are  made  of 
completely  homogeneous  graphite  sawn  up  into  the  requisite  sticks.  Graphite  is  found 
in  many  places.  In  Russia  the  so-called  Aliberoffsky  graphite  is  particularly  renowned  ; 
it  is  found  in  the  Altai  mountains  near  the  Chinese  frontier  ;  in  many  places  in  Finland 
and  likewise  on  the  banks  of  the  Little  Tungouska,  Sidoroff  also  found  a  considerable 
quantity  of  graphite. 

Graphite,  like  most  forms  of  charcoal,  still  contains  a  certain  quantity  of  hydrogen, 
oxygen,  and  ash,  so  that  in  its  natural  state  it  does  not  contain  more  than  98  p.c.  of 
carbon. 

In  practice  graphite  is  purified  simply  by  washing  it  when  in  a  finely-ground  state, 
by  which  means  the  bulk  of  the  earthy  matter  may  be  separated.  The  following  pro- 
cess, proposed  by  Brodie,  consists  in  mixing  the  powdered  graphite  with  ^  part  of  its 
weight  of  potassium  chlorate.  The  mixture  is  then  heated  with  twice  its  weight  of  strong 
sulphuric  acid  until  no  more  odoriferous  gases  are  emitted ;  on  cooling,  the  mixture  is 
thrown  into  water  and  washed  ;  the  graphite  is  then  dried  and  heated  to  a  red  heat ; 
after  this  it  considerably  shrinks  in  volume,  and  turns  into  a  very  fine  powder,  which  is 
then  washed.  When  mixed  with  clay,  g^raphite  is  used  for  making  crucibles  and  pots 
for  melting  metals.  By  acting  on  graphite  several  times  with  a  mixture  of  pottissium 
chlorate  and  nitric  acid  heated  up  to  60°,  Brodie  transformed  it  into  a  yellow  insoluble 
acid  substance  which  he  called  graphitic  acid,  CnH^Os.  The  diamond  remains  unchanged 
when  subjected  to  this  treatment,  whilst  amorphous  charcoal  completely  oxidises. 
Availing  himself  of  this  possibility  of  distinguishing  graphite  from  the  diamond  or  amor- 
phous charcoal,  Berthelot  showed  that  when  compounds  of  carbon  and  hydrogen  are 
decomposed  by  heat,  amorphous  charcoal  is  mainly  formed,  whilst  when  compounds  of 
carbon  with  chlorine,  sulphur,  and  boron  are  decomposed,  graphite  is  principally 
deposited. 

*•  Diamonds  are  sometimes  found  in  the  shape  of  small  bulls,  and  in  that  case  it  is 
impossible  to  cut  them,  because  directly  the  surface  is  ground  or  broken  they  fall  into 
minute  pieces.  Sometimes  minute  diamond  crystals  form  a  dense  mass  like  sugar,  and 
this  is  generally  reduced  to  diamond  powder  and  used  for  grinding.  Some  known 
varieties  of  the  diamond  are  almost  opaque  and  of  a  black  colour.  Such  diamonds  are 
as  hard  as  the  ordinary  ones,  and  are  used  for  polishing  diamonds  and  other  precious 
stones,  and  also  for  rock  boring  and  tunnelling. 
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sation  could  take  place.  Diamonds  have  several  times  been  success- 
fully produced  in  the  shape  of  minute  microscopic  crystals  having  the 
appearance  of  a  black  powder,  but  when  viewed  under  the  microscope 
they  appeared  transparent,  and  possessed  that  hardness  which  is  the 
peculiar  characteristic  of  the  diamond.  This  diamond  powder  is  de- 
posited on  the  negative  electrode,  when  a  weak  galvanic  current  is 
passed  through  liquid  chloride  of  carbon.'^ 

Judging  from  the  fact  that  carbon  forms  a  number  of  gaseous  (car- 
bonic oxide,  carbonic  anhydride,  methane,  ethylene,  acetylene,  Ac.)  and 
volatile  (such  are,  for  instance,  many  hydrocarbons  and  their  most  simple 
derivatives)  substances,  and  also  because  the  atomic  weight  of  carbon, 
C=12,  approaches  that  of  nitrogen,  N=14,  and  that  of  oxygen,  0=16, 
and  the  compounds  CO  (carbonic  oxide)  and  N2C2  (cyanogen)  are  gases, 
it  must  be  argued  that  if  carbon  formed  the  molecule  Cj  like  Nj  and  O2, 
it  would  be  a  gas.  And  as  through  polymerism,  or  the  mutual  combina- 
tion of  molecules  (as  O.2  passes  into  O3  or  NO2  into  N2O4)  the  tempera- 
tures of  ebullition  and  fusion  rise  (which  is  particularly  clearly  proved 
with  the  hydrocarbons  of  the  CnHg,,  series),  it  ought  to  be  considered 
that  the  molecules  of  charcoal,  graphite,  and  the  diamond  are  very  com- 
plex, seeing  that  they  are  not  soluble,  not  volatile,  and  not  fusible. 
The  aptitude  which  the  atoms  of  carbon  show  for  combining  together 
and  forming  complex  molecules  appears  in  all  carbon  compounds. 
Among  the  volatile  compounds  of  carbon  many  are  well  known,  the 
molecules  of  which  contain  C5  .  .  .  C,o  .  .  .  C20  .  .  .  C30,  &c.,  in 
general  C,„  where  n  may  be  very  large,  and  in  none  of  the  other  ele- 
ments is  this  faculty  of  complexity  so  developed  as  in  carbon.*®     Up 

^'  Hannay,  in  1880,  obtained  diamondH  by  heating  a  mixture  of  heavy  liquid 
hydrocarbonH  (paraffin  oils)  with  magnesiura  in  a  thick  iron  tube.  Thi8  investigation 
waH,  however,  not  repeated.  Diamonds  are  found  in  a  particular  dense  rock,  known  by 
the  name  of  itacolumnite,  and  are  dug  out  of  the  debris  produced  by  the  destruction 
of  the  itacolumnite  by  water.  When  the  debris  is  washed  the  diamonds  remain  behind; 
they  are  principally  found  in  Brazil,  in  the  provinces  of  Rio  and  Bahia,  and  at  the  Cape 
of  Go(k1  Hope.  The  debrin  gives  the  black  or  amorphous  diamond,  carbonado,  and  the 
ordinarj'  colourless  or  yellow  translucent  diamond.  As  the  diamond  possesses  a  very 
marked  cleavage,  the  first  operation  consists  in  splitting  it,  and  then  roughly  and  finely 
IK>lishing  it  with  diamond  powder.  It  is  very  remarkable  that  Professors  P.  A.  Latchinoff 
and  Erofeeff  found  (1887)  diamond  powder  in  a  meteoric  stone  which  fell  in  the  govern- 
ment of  Penza,  in  the  district  of  Krasnoslobodsk,  near  the  settlement  of  Novo  Urei 
(Sept.  10,  188()).  Up  to  that  time  charcoal  and  graphite  (a  special  variety,  cUftonite)  had 
bfen  found  in  meteorites  and  the  diamond  only  conjectured  to  be  therein.  The  Novo 
Urei  meteorite  was  composed  of  siliceous  matter  and  metallic  iron  (with  nickel),  like 
many  other  meteorites. 

'**  The  existence  of  a  molecule  S,}  is  known,  and  it  must  be  held  that  this  accounts 
for  the  formation  of  hydrogen  persulphide  H.2S5.  Phosphorus  appears  in  the  moleoule 
Pt  and  gives  P4H.2.  When  expounding  the  data  on  specific  heat  we  shall  have  occasioii 
to  return  to  the  question  of  the  complexity  of  the  carbon  molecule. 
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to  the  present  time  there  are  no  grounds  for  determining  the  degree 
of  polymerism  cf  the  charcoal,  graphite,  or  diamond  molecules,  and  it 
can  only  be  supposed  that  they  contain  C„  where  n  is  a  large  quantity. 
Therefore  charcoal  and  those  complex  non-volatile  organic  substances 
which  represent  the  gradual  transitions  to  charcoal  ^'-^  and  which  form 
the  principal  masses  of  the  organisms,  contain  a  store  or  accumulation 
of  internal  power  in  the  form  of  the  energy  binding  the  atoms  into 
complex  molecules.  WJien  charcoal  or  complex  compounds  of  carbon 
burn,  the  energy  of  the  carbon  and  oxygen  is  turned  into  heat,  and 
this  fact  is  taken  advantage  of  at  every  turn  for  the  generation  of  heat 
from  fuel.^*^ 

No  other  two  elements  are  capjible  of  combining  together  in 
such  variety  as  carbon  and  hydrogen.  The  hydrocarV)oiis  of  the 
C,,!!,,,,  series  in  many  cases  widely  ditter  fiom  each  other,  although 
they  have  some  proj^erties  in  common.  All  hydrocarbons,  whether 
gaseous,  liquid,  or  solid,  are  combustible  sul>stances  sparingly  soluble 
or  insoluble  in  water.  The  liquefied  gaseous  hydrocarbons,  also  those 
which  are  liquid  at  ordinary  temperatures,  and  those  solid  hydrocarbons 
which  have  been  liquefied  by  fusion,  have  the  appearance  and  property 
of  oily  liquias,  more  or  less  viscid  or  fluid. ^^     The  solid   hydrocarbons 

'®  The  hydrocarbons,  pf)or  in  liydro^eu  (far  from  the  limit)  and  containing  nuiny 
atoms  of  carbon,  like  chrj-bene  and  carbopetrocene,  i^c,  C,,H.„»_,„,  are  solids,  and  less 
fusible  as  n  and  m  increase.  They  present  a  marked  apj^roaich  to  the  properties  of  the 
diamond.  And  in  projjortion  to  the  diiiiinution  of  the  water  in  the  carbohydrates 
CuK-imOm — for  example,  in  the  humic  compounds  (Note  .'>) — the  transition  of  complex 
organic  subntances  to  charcoal  is  very  evident.  That  residue  resembling;  charcoal  and 
graphite  which  is  obtained  by  the  separation  (by  means  of  copper  Buli>liate  and  sodium 
chloride)  of  iron  from  white  cast-iron  containing  carbon,  chemically  combined  with  the 
ir.on,  also  seems,  especially  after  the  researches  of  G.  A.  Zaboudsky,  to  be  a  complex 
substance  containing  C)>H,;05.  The  endeavours  which  hav»^  been  directed  towards 
determining  the  measure  of  complexity  of  the  molecules  of  charcoal,  grai>hite,  and  the 
diamond  will  i)robably  at  some  period  lead  to  the  solution  of  this  problem,  and  will  most 
likely  prove  that  the  various  forms  of  charcoal,  graphite,  and  the  diamond  contain  mole- 
cules of  different  and  very  considerable  complexity.  The  constancy  of  the  gronjiing  of 
benzene,  C»;H^,  and  the  wide  diffusion  and  facility  of  formation  of  the  carbohydrates, 
containing  C,-,  (for  example,  cellulose,  C.^HiqO^,  glucose,  (.',,H,_,0,i),give  reason  for  thinking 
that  the  group  C^  is  the  first  and  simplest  of  those  possibh;  to  free  carl)on,  and  it  may 
be  hoped  that  some  time  or  other  it  nuiy  be  possible  to  get  charcoal  in  this  group.  Per- 
haps in  the  diamond  there  may  be  found  such  a  relation  between  the  atoms  as  in  the 
benzene  grou}),  and  in  charcoal  such  as  in  the  carbohydrates. 

•'^  When  charcoal  burns,  the  complex  molecule  C,,  is  resolved  into  the  sim]ile  mole- 
cules 7iCOo,  and  therefore  part  of  the  heat — probably  no  small  amount— is  expended  in 
the  destruction  of  the  complex  molecule  C„.  Perhaps  by  burning  the  most  complex 
substances,  which  are  the  poorest  as  regards  hydrogen,  it  may  be  possible  to  form  an 
idea  of  the  work  required  to  split  up  C„  into  separate  atoms. 

^'  The  viscosity,  or  the  degree  of  mobility,  of  liquids  is  deternu'ned  by  their  internal 
friction.  It  is  estimated  by  passing  the  liquids  through  narrow  (capillary)  tubes,  the 
mobile  liquids  passing  through  with  greater  facility  and  speed  than  the  viscid  onefi.    The 
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more  or  less  resemble  wax  in  their  properties,  although  ordinary  oils 
and  wax  generally  contain  oxygen  in  addition  to  carbon  and  hydrogen, 
but  in  relatively  small  proportion.  There  are  also  a  few  hydrocarbons 
which  have  the  appearance  of  tiir — as,  for  instance,  nietacinnamene  and 
guttii-percha.  Those  liquid  hydrocarbons  which  boil  at  a  high  tempera- 
ture are  like  oils,  and  those  which  have  a  low  boiling  point  resemble 
ether,  whilst  the  gjiseous  hydrocarbons  in  many  of  their  properties  are 
akin  to  hydrogen.  All  this  tends  to  show  that,  in  hydrocarbons  phy- 
sically considered,  the  properties  of  solid  non- volatile  charcoal  are 
strongly  modified  and  hidden,  whilst  those  of  the  hydrogen  predominate. 
All  hydrocarbons  are  neutral  substances  (neither  basic  nor  acid),  but 
under  certain  conditions  they  enter  into  peculiar  reactions.  It  has 
been  seen  in  those  hydrogen  compounds  which  have  been  alreiuly  con- 
sidered (water,  nitric  acid,  ammonia)  that  the  hydrogen  in  almost  all 
cases  enters  into  reaction,  being  displaced  by  metals.  The  hydrogen  of 
the  hydrocarbons,  it  may  be  said,  has  no  metallic  character — that  is  to 
say,  it  is  not  directly  ^^  displaced  by  metals,  even  by  such  as  sodium  and 

viscosity  vuries  with  the  temperature  and  nature  of  the  h(|ui(lK,  and,  in  the  case  of  solu- 
tionn,  chiiuj^eH  with  the  amount  of  the  subAtance  diwiolved,  but  in  not  proportional  to  it. 
So  tiiat,  for  example,  with  alcohol  at  20^  the  viscosity  will  be  OU,  and  for  a  50  p.c.  solu- 
tion 1(50,  the  viscosity  of  water  being  taken  as  100.  The  volume  of  the  liquid  which  passes 
throuj^h  by  experiment  (Poistsuille)  and  theory  (Stokes)  is  prr)portional  to  the  time, 
the  pressure,  and  the  fourth  iwwer  of  the  diameter  of  the  (capillary)  tube,  and  inversely 
proportional  to  the  length  of  the  tube ;  this  renders  it  possible  to  form  comparative  esti- 
mates of  the  coefficients  of  internal  friction  and  viscosity. 

Art  the  complexity  of  the  molecules  of  hydrocarbons  and  their  derivatives  increases 
by  the  addition  of  carbon  (or  CH.^),  so  does  the  degree  of  viscosity  also  rise.  The  exten- 
sive series  of  investigations  referring  to  this  subject  still  await  the  necessary  generalisation. 
That  connection  which  (already  partly  observed)  ought  to  exist  between  the  viscosity 
and  the  other  jihysical  and  chemical  proi>ertieH,  forces  us  to  conclude  that  the  magnitude 
of  internal  friction  plays  an  imi)ortant  part  in  molecular  mechanics.  In  investigating 
organic  compounds  and  solutions,  similar  researches  ought  to  stand  foremost.  Many 
observations  have  alrea<ly  been  nnwle,  but  not  much  has  yet  been  dime  with  them ;  the 
ban;  facts  and  some  mechanical  data  exist,  but  their  relation  to  molecular  mechanics  has 
not  been  chnired  up  in  tin?  requisite  degree.  It  has  already  been  seen  from  existing  data 
that  the  viscosity  at  the  tiMUiwrature  of  the  absolute  boiling  point  beconuis  as  small  as 
in  gases. 

-'*  In  a  number  of  hydnnrarbons  and  their  derivatives  such  a  substitution  of  metals 
for  the  iiydrogeu  maybe  arrived  at  by  indirect  means.  The  pro|>erty  shown  by  acetylene, 
('..H ,,  and  its  analogues  of  forming  metallic  derivatives  is  in  this  respect  particularly 
characteristic.  .Judging  from  the  fa<t  that  carlwn  is  an  lU'id  element  (that  is,  gives  an 
acid  anhydride  with  oxygen),  but  comparatively  slightly  acid  (because  carbonic  acid  is 
not  at  all  an  energ«'tic  acid  ;  c<mi|>ounds  of  chlorine  and  carlM>n,  even  CCI4,  are  not 
decomposed  by  water  as  is  the  case  with  phosphorus  chloride,  and  even  silicic  chloride 
or  boric  chloride,  although  they  corres|Hmd  with  acids  of  but  little  energy),  one  might 
expect  to  find  in  th»*  hydrogen  of  hydr«H'arl>ons  this  faculty  for  lieing  substituted  by 
metals.  The  metallic  compounds  which  corresi>ond  with  hydnwarbons  are  known  under 
the  name  of  organo-metallic  compounds.  Such,  for  instance,  is  zinc  ethyl,  Zn{C.^H^)Q^ 
which  corresixnids  with  ethyl  hydride  or  ethane,  C^H^,  where  two  atoms  of  hydrogen 
have  been  exchanged  for  one  of  zinc. 
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potassium.  On  the  application  of  more  or  less  heat,  all  hydrocarbons 
decompose,*^  forming  charcoal  and  hydrogen.  The  majority  of  hydro- 
carbons do  not  combine  with  the  oxygen  of  the  air  or  oxidise  at  ordi- 
nary temperatures,  but  under  the  action  of  nitric  acid  and  many  other 
oxidising  substances  most  of  them  are  subject  to  oxidation,  in  which 
either  a  portion  of  the  hydrogen  and  carbon  is  separated,  or  the  oxygen 
enters  into  combination,  or  else  the  elements  of  hydrogen  peroxide  enter 
into  combination  with  the  hydrocarbon.**  When  heated  in  air,  hydro- 
carbons bum,  and,  according  to  the  amount  of  carbon  they  contain, 
their  combustion  is  attended  with  a  separation  of  soot — ^that  is,  tinely- 
divided  charcoal — which  imparts  great  brilliancy  to  the  flame,  and  on 
this  account  many  of  them  are  used  for  the  purposes  of  illumination — 
as,  for  instance,  kerosene,  coal  gas,  oil  of  turpentine.  As  hydrocarbons 
contain  reducing  elements  (that  is,  those  capable  of  combining  with  oxy- 
gen) they  often  act  as  reducing  agents—as,  for  instance,  when  heated 
with  oxide  of  copper,  they  bum,  forming  carbonic  anhydride  and  wat^r, 
and  leave  metallic  copper.  According  to  Gerhardt^  all  hydrocarbons 
contain  an  even  number  of  hydrogen  atoms.  Therefore,  the  general 
formula  for  all  hydrocarbons  is  C^H^m  where  n  and  7n  are  whole 
numbers.  This  fact  is  known  as  tfie  law  of  even  rminbera.  Hence,  the 
simplest  possible  hydrocarbons  ought  to  be :  CHj,  CH4,  CHg  .  .  . 
CsH.j,  C2H4,  CsH^,  CgH^  .  .  .  but  all  of  them  are  not  in  existence,  as 
they  are  subject  to  certain  limitations. 

Some  of  the  hydrocarbons  are  capable  of  combination,  wliilst  others 
do  not  show  that  power.  Those  which  contain  less  hydrogen  belong  to 
the  former  category,  and  those  which,  for  a  given  quantity  of  carbon^ 
contain  the  maximum  amount  of  hydrogen  l>elong  to  the  latter.  The 
composition  of  those  last  mentioned  is  expressed  by  the  general  formula 
C„H2n  2-  These  so-called  scUunUed  hydrocarbons  are  incapable 
of  combination. 2'*     Judging  from  this,  the  hydrocarbons  CH^,  C^Hg^ 

*^  QaseoaB  and  volatile  hydrocarbons  decompose,  when  passed  through  a  heated 
tube.  When  hydrocarbons  are  decomposed  by  heating,  the  primary  products  are 
generally  other  more  stable  hydrocarbons,  among  which  are  acetylene,  C.>Ho,  benzene, 
GqH^,  naphthalene,  CxoHg,  &c. 

'^  Wagner  (1888)  showed  that  when  unsaturated  hydrocarbons  are  shaken  with  a 
weak  (1  p.c.)  solution  of  potassium  permanganate,  KMn04,  at  ordinary-  temperatures,  they 
form  glycols— for  example,  C3H4  yields  C^HeO.^. 

**  My  article  on  this  subject  appeared  in  the  journal  of  the  St.  Petersburg  Academy 
of  Sciences  in  1861.  Up  to  that  time,  although  many  additive  combinations  with  hydro- 
carbons and  their  derivatives  were  known,  they  had  not  been  generalised,  and  were  even 
continually  quoted  as  cases  of  substitution.  Thus  the  combination  of  ethylene,  C,.H^, 
with  chlorine,  CL},  was  often  regarded  as  a  formation  of  the  products  of  the  Hubstitution 
of  C.^HjCl  and  HCl,  which  it  was  supposed  were  held  together  as  the  water  of  crystallisa- 
tion is  in  salts.  Even  earlier  than  this  (1857,  Journal  of  the  Petroffsky  Acadoutj)  I 
oonsidered  similar  cases  as  true  comi>ounds.    In  general,  according  to  the  law  of  limits,. 
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C3H10,  &c.  .  .  do  not  exist.  Those  containing  the  maximum  amount  of 
hydrogen  will  be  represented  by  CH4  (m=1,  2n  +  2=4),  CjHg  (n=2)^ 
CjHg  (n=3),  C4H10,  *fec.  This  may  be  termed  the  law  of  liviits. 
Placing  this  in  juxtaposition  with  the  law  of  even  numbers,  it  is  easy 
to  perceive  that  the  possible  hydrocarbons  can  be  ranged  in  series,  the 
terms  of  which  may  be  expressed  by  the  general  formulae  C„H2„^.2> 
C„H2„,  C„H2„_2,  *fcc.  .  .  Those  hydrocarbons  which  belong  to  any  one 
of  the  series  expressible  by  a  general  formula  are  said  to  be  homologous 
with  one  another.  Thus,  the  hydrocarbons  CH4,  CaHg,  CgH^,  C4H,o, 
<kc.  .  .  are  members  of  the  limiting  (saturated)  homologous  series 
C„H2„+2-  That  is,  the  difference  between  the  members  of  the  series  is 
CH^.^®  Not  only  the  composition,  but  also  the  properties,  of  the  mem- 
bers of  a  series  tend  to  classification  in  one  group.  For  instance,  the 
members  of  the  series  C„H2„^2  *re  not  capable  of  forming  additive 
compounds,  whilst  those  of  the  series  C^Hj,,  are  capable  of  combining 
with  chlorine,  sulphuric  anhydride,  etc.  ;  and  the  members  of  the 
C„H2„_G  group,  belonging  to  the  coal  tar  series,  are  acted  on  by  nitric 
acid,  and  have  other  properties  in  common.  The  physical  properties 
of  the  members  of  a  given  homologous  series  vary  in  such  a  manner,  the 
boiling  point  generally  rises  and  the  internal  friction  increases  as  n  in- 
crcEuses^^ — that  is,  with  an  increase  in  the  atomic  weight ;  the  specific 
gravity  also  successively  changes  as  n  becomes  greater.'® 

an  unHaturated  hydrocarbon,  or  its  derivative,  on  combining  with  rX.^,  gives  a  substance 
which  iH  saturated  or  else  approaching  the  limit.  The  investigations  of  Frankland  with 
many  organo-metallic  compounds  clearly  showed  the  limit  in  the  case  of  metallic  com* 
pounds,  which  we  shall  constantly  refer  to  later  on. 

^^  The  conception  of  homology  has  been  applied  by  Gerhardt  to  all  organic  com> 
pounds  in  his  classical  work,  *  Traite  de  Chimie  Organique,'  finished  in  1855  (4  voIb.)^ 
where  he  dividetl  all  organic  compounds  into  fatty  and  aromatic^  which  is  in  principle 
still  adhered  to  at  the  present  time,  although  the  latter  are  more  often  called  benzene 
derivatives,  on  account  of  the  fact  that  Kekule,  in  his  beautiful  investigations  on  the 
structure  of  aromatic  compounds,  showed  the  link  which  unites  them  all  with  the 
'  nucleus  '  benzene,  CjjH^j. 

*'  This  is  always  true  for  hydrocarbons,  but  for  derivatives  of  the  lower  homo- 
logues  it  is  sometimes  different;  for  instance,  in  the  series  of  saturated  alcohola 
C„H.,,„4.i  (OH),  when  n  ■--  0,  we  obtain  water,  H(OH;,  which  boils  at  100^  and  whose  specific 
gravity  at  15^  =  0-99»2 ;  when  n  =  1,  wood  spirit  CH5  (OH),  which  boils  at  66^,  and  at  16° 
has  a  specific  gravity  -  0*7964 ;  when  n  =  2,  ordinarj-  alcohol  C2H5(OH),  boiling  at  78°, 
specific  gravity  at  15°  =  0'79B6,  and  with  further  increase  of  CHj  the  specific  gravity  in- 
creases. For  the  glycols  CnH.^n  (OH)^  the  phenomenon  of  a  similar  kind  is  still  more 
striking ;  at  first  the  temperature  of  the  boiling  pointand  the  density  increase,  and  then 
for  higher  (more  complex)  members  of  the  series  diminish.  The  reason  for  this  pheno- 
menon, it  is  evident,  must  be  sought  for  in  the  influence  and  properties  of  water,  and 
that  strong  affinity  which,  acting  between  hydrogen  and  oxygen,  determines  many  of 
the  exceptional  properties  of  water  (Chap.  I.). 

**  As,  for  exam|)le,  in  the  saturated  series  of  hydrocarbons  CmH^h^^,  the  lowest 
menil>er  (/<^0)  must  bt?  taken  as  hydrogen  H,.,  a  gas  which  {ji.c.  below  —190®)  ia 
liquefied  with  great  difficulty,  and  when  in  a  liquid  state  has  doubtless  a  very  unall 


846  PRINCIPLES  OF  CHEMLSTRY 

Many  of  the  hydrocarbons  which  are  met  with  in  nature  are  the 
products  of  organisms,  and  do  not  belong  to  the  mineral  kingdom.  A 
still  greater  number  are  produced  artificially.  These  are  formed  by  what 
is  termed  the  combination  of  residues.  For  instance,  if  a  mixture  of 
the  vapours  of  hydrogen  sulphide  and  carbon  bisulphide  be  passed 
through  a  tube  in  which  copper  is  heated,  this  latter  absorbs  the  sul- 
phur from  both  the  compounds,  and  the  liberated  carbon  and  hydrogen 
combine  to  form  a  hydrocarbon,  methane.  If  a  mixture  of  broino- 
benzene,  C^H^Br,  and  ethyl  bromide,  CjHjjBr,  be  heated  with  metallic 
aodium,  the  sodium  combines  with  the  bromine  of  both  compounds, 
forming  sodium  bromide.  From  the  first  combination  the  group  C^H^ 
remains,  and  from  the  second  C2H5.  Having  an  odd  number  of  hydrogen, 
atoms,  they  in  virtue  of  the  law  of  even  numbers  cannot  exist  alone, 
therefore  they  combine  together  forming  the  compound  CgH^.CaH^  or 
CgH , 0  (ethylbenzene).  Hydrocarbons  are  also  produced  by  the  breaking 
up  of  more  complex  organic  or  hydrocarbon  compounds,  especially 
by  heating — that  is,  by  dry  distillation.  For  instance,  gum- benzoin 
contains  an  acid  called  benzoic  acid,  CyHgOj,  the  vapours  of  which, 
when  passed  through  a  heated  tube,  split  up  into  carbonic  anhydride, 
CO2,  and  benzene,  CqH^.  Carbon  and  hydrogen  only  unite  directly  in 
one  degree  of  combination  —namely,  to  form  acetylene,  liaWng  the  com- 
position C^Hj,  w^hich,  as  compared  with  otiier  hydrocarbons,  exhibits 
a  very  great  constancy  at  a  high  temperature.^-*. 

denHity.  Where  n  =  l,  2,  8,  the  hydrocarbons  CH4,  C-jH^,  C-,H^  arega8e>4,  more  and  more 
readily  liquefiable.  The  temperature  of  the  abHoIute  boilinj^  point  for  CH|=  —100^,  and 
for  etliane  C.^.H^,,  and  in  the  higher  members  it  rises.  The  hydrocarbon  C,Hi,>,  already 
liquefies  about  0''.  CaH,.^  boils  at  from  +9°  (Livoff)  to  37  ',  CoH^  from  58^  to  78°,  S:v. 
The  si)ecific  gravities  in  a  liquid  state  at  15^  are  :  — 

^:Mii  .QH|4  ^T^Iie  C'loH-i-,.  C'lr.H-j 

0-G3  O-Gf)  0-70  075  OH'} 

^  If,  at  the  ordinary  temi>erature  (assuming  therefore  that  tlie  water  formed  will  Ihj 
in  a  liquid  state),  a  grtun  molecule  (*2U  grams)  of  acetylene,  CjH.j,  be  burnt,  310  thousand 
calories  w^ill  be  emitted  (Thomsen),  and  as  12  grams  of  charcoal  produce  U7  thousand 
calories,  and  2  grams  of  hydrogen  01)  thousand  calories,  therefore,  if  the  hydrogen  and 
carbon  of  the  acetylene  were  burnt  there  would  be  only  2  x  97  -I-  Gl),  or  2()3  thousand 
calories  produced.  It  is  evident,  then,  that  acetylene  in  its  formation  absorbs  310  —  203, 
-or  47  thousand  calories — tliat  is,  the  reaction  of  charcoal  and  hydrogen  is  cndothermal 
and  the  product  is  in  this  res)>ect  a  substimce  resembling  nitrous  oxide,  hydrogen 
peroxide,  <fcc.  Such  reasoning  is,  however,  open  to  certain  defects  of  one  kind  or  another, 
especially  when  a  reaction,  which  can  really  only  take  place  at  a  high  temperature,  is 
supposed  to  be  effected  at  ordinary  temperatures  or  rivr  versa.  (."alculatit)ns  cannot 
be  made  for  high  temperatures,  on  account  of  insufficient  evidence  as  to  specific 
heat. 

For  considerations  referring  to  the  combustion  of  carbon  compounds,  we  will  first 
-enmnerate  the  quantity  of  heat  separated  liy  the  combustion  of  definite  chemical  carbon 
compounds,  and  then  a  few  figures  touching  the  kinds  of  fuel  spplied  in  a  practical 
way. 
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There  is  one  known  substance  among  the  saturated  hydrocarbons 
composed  of  1  atom  of  carbon  and  4  atoms  of  hydrogen  ;  this  is  a  com- 

I.  For  molecular  quantitien  in  perfect  combustion,  the  following  amounts  of  heat 
are  given  out  (when  gaseous  carbonic  anhydride  and  liquid  water  are  formed),  according 
to  the  data  of  Thomsen  :  (1)  for  gaseous  C„H.2w4-2:  52'8  +  158*8n  thousand  calories; 
(2)  for  C„H..,„  :  17*7  +  158l7i  thousand  calories;  (3)  according  to  Stohmanu  (1888)  for 
liquid  satuated  alcohols,  C„ii.^n^iO  :  11*8  +  15G'8^^,  and  as  the  latent  heat  of  evaporation 
=  about  8'2  +  0'Gn,  in  a  gaseous  state,  20'0+156'Uh;  (4)  for  monobasic  saturated  liquid 
acids,  ChH.^hO^:  U5'3  +  154'3/»,  and  as  their  latent  heat  of  evaporation  is  about  5*0  +  1*27}, 
in  a  gaseous  form,  about  90  +  155n;  (5)  for  solid  saturated  bibasic  acids,  ChH.^n -^04 : 
253*8  M52*()n,  if  they  are  expressed  as  C„ii2nCiH.,0\j  then  51*4 +  152-6/1;  (6)  for  ben- 
zene and  its  liquid  homologues  (still  according  to  Stohmann)  CmH.2„  — oi  158"C  +  156*37», 
and  in  a  gaseous  form  about  155  +  157n;  (7)  for  the  gaseous  homologues  of  acetylene, 
G„H.2„ ->,  (according  to  Thomsen),  5  +  157/i.  It  is  evident  from  the  preceding  figures 
that  the  group  CH.^,  or  the  substitution  of  CH5  for  H,  on  burning  gives  out  from  152  to 
159  thousand  calories.  This  is  less  than  that  given  out  by  C  +  H^,  which  is  97  +  69  or 
164)  thousand ;  the  reason  of  this  difference  (it  would  be  still  greater  if  cliarcoal  were 
gaseous)  is  the  amount  of  heat  separated  during  the  formation  of  CH...  The  heat  of  com- 
bustion of  the  following  solids  (determined  by  Stohmann)  is  expressed,  not  in  terms  of 
the  molecular  weight  of  the  substance,  but  per  unit  of  weight:  C^HioOi,  cellulose,  4146 ; 
starch,  4123;  dextrose,  C^Hj^O^,  3692;  cane  sugar,  Ci^H.^-iOn,  3866 ;  nuphtlialene,  Cn>H8, 
9621;  urea,  CN.^HiO,  2465 ;  white  of  eggs,  5579;  dry  rye  bread,  4421;  wheaten  bread, 
4302 ;  tallow,  9365 ;  butter,  9192  ;  linseed  oil,  9323. 

II.  The  number  of  units  of  heat  given  out  during  the  complete  combustion  and 
cooling  of  the  following  ordinary  kinds  of  fuel  in  their  usual  state  of  dryness  and  purity 
are  : — (1)  for  wood  charcoal,  anthracite,  semi-anthracite,  tarry  coal  and  coke,  from  7200 
to  8200 ;  (2)  for  dry,  long  flaming  coals,  and  the  best  brown  coals,  from  6200  to  6800  j 
(3)  for  i)erfectly  dry  wood,  3500 ;  hardly  dry,  2500  ;  (4)  perfectly  dry  peat,  best  kind, 
4500 ;  compressed  and  dried,  3000  ;  (5j  petroleum  refuse  and  similar  liquid  hydro- 
carljons,  about  11000  ;  (6)  illuminating  gas  of  the  ordinary  composition  (about  45  vols. 
H,  40  vols.  CH4,  5  vols.  CO,  and  5  vols.  N),  about  12000  ;  (7)  generator  gas  {see  next 
Chap.),  containing  2  vols,  carbonic  anliydride,  80  vols,  carbonic  oxide,  and  68  vols, 
nitrogen  /or  one  part  by  wcitjht  of  the  whole  carbon  burnt,  5300,  and  for  one  part 
by  weight  of  the  gas,  910,  units  of  heat;  and  (8)  water  gas  {sec  next  Chap.)  containing 
4  vols,  carbonic  anhydride,  8  vols.  N.j,  24  vols,  carbonic  oxide,  and  46  vols.  H.^,  for  one 
pairt  by  weight  of  tlie  carlwn  consumed  in  the  generator  10900,  and  for  one  part  by 
weight  of  the  gas,  3(»00,  units  of  heat.  In  these  figures,  as  in  all  calorimetric  observa* 
tiouK,  the  water  proiluced  by  the  combustion  of  the  fuel  is  supposed  to  be  liquid.  As 
regards  the  teni|jcrature  reached  by  the  fuel,  it  is  important  to  remark  that  for  solid 
fuel  it  is  indispensable  to  admit  (t^)  ensure  complete  combustion)  twice  the  amount  of 
air  required,  but  liquid,  pulverised  fuel,  and  esi>e(!ially  gaseous  fuel,  d«3es  not  recjuire  an 
ex(.-ehs  of  air  ;  therefore,  a  kilogram  of  charcoal,  giving  8000  units  of  heat,  requires  about 
24  kilograms  of  air  (3  kilograms  of  air  \Hir  1000  calories)  and  a  kilogram  of  generator  gas 
re(juirrs  only  077  kilogram  of  air  (0*M5  kilo,  of  air  per  1000 calories.),  1  kilogram  of  water 
guK  about  4'.">  of  air  il'I^i  kilos. of  air  jwr  )0(K)  calories). 

III.  An  ont;  of  the  most  iini)ortant  and  extensiv»  applications  of  ctmibustible  matter 
is  the  foniiation  of  htcani  and  converhicm  of  it  into  work,  we  will  take  as  an  example  the 
caUuUtion  for  a  hoilrr  burning  y;rr //o//r  ( -3600  seconds)  100  kilograms  of  anthracite, 
givin;^  out  hOOO  unitn  of  lunit,  and  containing  90  p.c.  C,  3  p.c.  H,  3  p.c.  O,  and  4  p.c.  of 
anh  and  nitrogi.-n.  For  the  fonibuntion  of  100  kilos,  of  such  coal,  giving  800  thousand 
units  <»f  JH-at,  aliout  2100  kilos,  (counting  double  the  amount)  of  air  will  be  required, 
ther«'fore  in  tiu*  snioki*  tlurn*  will  be  2r>()0  kilos.,  and  as  the  s|>ecitic  heat  of  the  products 
of  conihuhtion  is  about  025,  m),  taking  the  temperatun*  of  the  smoke  passing  from 
un<h-rn<'ath  th«.'  boih-r,  /  200  (higlwr  than  the  teini)erature  of  the  airj,  the  smoke  will 
•carry  off  125  thouHand  units  of  heat,  and  1H7'5  units  of  heat  i)er  second  will  be  commoni* 
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y/and  crAtainin^  tlKr  higfMSC  p»fve&tasi^  ol   hrdjrogm  tCH^  cootauns. 
2'"!    per   c^mt.    of   fajdrosii^ti  t.   and  at  tbe   saiae  time  h  b   the  only 
bvdroearfxjri  wbose  nio^nLe:  coDUuzis  a  sinj^  mcoot  ctf  caHbon      This 
aatarat^  hydrocarbon.  CH^.  is  cali^  wkarA-^*  or  ■wiAinn.f.     If  vege- 
table or  aniioal  refiL%e  safier^  decompoeitic^i  in  a  sp^ce  viiere  the  air 
ha«  not  free  access,   or   no  aoL-ess  at  alL  then  the  decomposition   is- 
acor^nipanied  with  the  formation  of  marsh  :;a&  and  this  either  at   an 
ordinary  temperatare,  or  at  a  comparatively  moch  higher  one.     Chi  this 
account  }Anr%U.  when  dee^mjpodn^  under  water  in  wwrA^t^  give  oat 
this  gasw     It  is  well  known  that  if  the  mad  in  bogs  be  stirred  up,  the  act 
is  accompanied  with  the  evolution  of  a  large  quantity  of  gas  babbles  ; 
these  may,  althr»ugh  »lowly,  also  separate  of  their  own  accord-     The 
gas  which  is  evolved  airisists  principally  of  marsh-gas.**     If  wood,  coal, 
or  many  other  vegetaV>le  or  animal  substances  are  decomposed  V>y  the 
tuti'u/n  of  }i^jU  without  access  of  air — that  is.  are  subjected  to  dry  dis- 
tillation  -tliey,  in  addition  to  many  other  gaseous  products  of  decom- 
positi/m  (carfjonic  anhydride,  hydrogen,  and  various  other  substances), 
evolve  a  great  deal  of  methane.     Generally,  the  gas  which  is  used  for 
lighting  puqjOftes  i>»  obtaine^l  by  this  means,  and,  therefore,  always 
ctrtttAtuH  rnanth  gas,  mixed  with  hydrogen  and  other  vapours  and  gases, 
although   it  is  subse^iuently  purified  from  many  of  them.^*     As  the- 

*',mU'4  Uf  i\$*!  }ftrtUfr^  *nd  Up  the  tnirroanding  air.  Subtracting  273  anils  of  heat  for 
rufUtUum,  w*t  )ukVf,  \fA*  onit.»  of  heat  per  second  communicated  to  the  water.  If  the 
jfrtr^nnrti  in  the  U>iler  >>e  5  atmoKpheren,  <  =  152-  «p«ge  54'.  and  the  temperature  of  the 
1h49iI  water  V/^,  then  ^the  heat  of  warming  and  evaporation  of  640  unit*  of  heat,  see 
]mi(f.  r,9f  ir'iT,  kiI/>,  tA  t»team  at  150^  per  second  «900  kilos,  per  hour*  will  be  produced. 
If  thin  Hteam  d^ien  iU  work  without  waste  of  any  kind,  and  be  condensed  in  the  con- 
deniter  at  Wl ',  then,  according  to  the  second  law  of  the  mechanical  theory  of  heat,  not 
more  in  any  cawj  than  l^JO  050-  50j-^(150-278i  or  37«  units  of  heat,  will  be  converted 
mUi  work,  which  (according  to  the  first  law  of  the  meclianical  theory-  of  heat  i  will  equal 
424  X  »7'H  or  15Ji27  kilograrametres  of  work  per  second,  or  212  horse-power  (one  horse 
power      75  kilr>grammetres  per  second  i. 

But  as  at  least  85  p.c.  fin  the  best  machines)  is  lost  in  inevitable  loss  of  heat  and 
through  friction,  only  al>out  140  horse-power  can  be  obtained  with  the  aln^ve-mentioned 
quantity  of  fuel  in  a  steam-engine  of  excellent  construction.  Generally,  1  kilo,  of  coal 
IK;r  horsepower  per  hour  is  consumed  in  the  best  steam-engines  (with  expansion  and 
condensation).  Only  in  gas  engines  at  present  does  the  work  of  the  fuel  approach  the 
theoretical  limit. 

^  It  is  easy  to  collect  the  gas  which  is  evolved  in  marshy  places  if  a  glass  bottle  be 
inverted  in  the  water  and  a  funnel  put  into  it  (in  water) ;  if  the  mud  of  the  bottom  be 
now  agitated,  the  bubbles  which  rise  may  be  easily  caught  in  the  funnel. 

"'*  Illuminating  gas  is  generally  prepared  by  heating  gas  coal  {sec  Note  (>)  in  oval 
cylindrical  horizontal  cast-iron  or  clav  retorts.  Several  such  retorts  liB  (fig.  58)  are 
i\iH]umH\  in  the  funiace  A,  and  heated  together.  When  the  retorts  are  heated  to  a 
red  heat,  lunijxs  of  coal  are  thrown  into  them,  and  they  are  then  closed  with  ii  closely- 
fitting  cover.  The  illustration  shows  the  furnace,  with  five  retorts.  Coke  [see  Note 
1,  dry  distillation)  remains  in  the  retorts,  and  the  volatile  products  in  the  form  of  vaiH>urs 
and  gases  travel  along  the  |>ipes  d,  rising  from  each  retort.  These  pipes  branch  above 
the  stove,  and  are  hermetically  sealed  into  the  receiver/  (hydraulic  main)  placed  above 
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decomposition  of  the  organic  matter,  which  forms  coal,  is  still  goin"*  on 
underground,  the  evolution  of  large  quantities  of  marsh  gas  frequently 

the  fnrmu'e.     Those  products  of  the  dry  diHtillation  which  most  easily  pass  from  the 
jfaseouH  into  the  Hquid  aiid  solid  states  collect  in  the  hydraulic  main.   From  the  hydraulic 
main  the  vai)oursand  ^ases  travel  along  the  pipe  g  and  the  series  of  vertical  pipes  J  (which 
are  sometimes  cooled  by  water  trickling  over  the  surface),  wliere  the  vajwurs  and  gases 
cool  from  the  contact  of  the  colder  surface,  and  a  fresh  (|uantity  of  vapour  condenses.     The 
condensed  liquids  pass  from  the  pipes  g  and  j  and  into  the  troughs  H.     These  troughs 
always  contain  liquid  at  a  constant  level  (the  excess  flowing  away),  so  that  the  gas  cannot 
escape,  and  thus  forms,  as  it  is  termed,  a  hydraulic  joint.     In  the  state  in  which  it  leaves 
the  condensers,  the  gas  consists  principally  of  the  following  vapours  and  gases :  (1)  vapour 
of  water,  (2)  ammonium  carbonate,  (3)  li(]uid  hydrocarbons,  (4)  hydrogen  sulphide,  H.^S, 
(5)  carbonic  anhydride,  CO.j,  (6)  carbonic  oxide,  CO,  (7)  sulphurous  anhydride,  SO.,,  but  a 
great  part  of  the  illuminating  gas  consists  of  (8)  hydrogen,  (»)  marsh  gas,  (10)  olefiant 
gas,  C...H|,  and  other  gaseous  hydrocarbons.  The  hydrocarbons  (3,  l»,  and  10),  the  hydrogen, 
and  carbonic  oxide  are  capable  of  combustion,  and  are  useful  ccmii^ment  parts,  but  the 
carbonic  anhydride,  the  hydrogen  sulphide,  and  sulphurous  anhydride,  as  well  as  the 
vapours  of  ammonium  carbonate,  form  an  injurious  admixture,  because  they  do  not  bum 
(CO,,,  SO,,)  and  lower  the  temperature  and  brilliancy  of  the  flame,  or  else,  although  tliey 
are  capable  of  burning,  they  give  out  during  combustion   sulphurous   anhydride  (for 
example,   H.,S,   CS„   and   others),  which  has  a  disagreeable  smell,  is  injurious  when 
inhaled,  and  spoils  many  surrounding  objects.     In  order  to  separate  the  injurious  pro- 
ducts, the  gas  is  washed  with  water,  a  cylinder  (not  shown  in  the  illustration)  filled  with 
coke  continually  moistened  with  water  serving  for  this  purjiose.     The  water  coming  into 
contact  with  the  gas  dissolves  the  ammonium  carbonate ;  hydrogen  suli)hide,  carbonic 
anhydride,  and  sul])hurous  anhydride,  being  only  partly  soluble  in  water,  have  to  be  got 
rid  of  by  a  special  means.     For  this  puri>cse  the  gas  is  i)assed  through  moist  lime  or 
another  alkaline  liquid,  as  the  above-mentioned  gases  have   acid  properties   and  are 
therefore  retained  by  the  alkali.     In  the  case  of  lime,  calcium  carbonate,  sulphite   and 
sulphide,   all    solid    substances,    are    formed.     It    is  necessary  to   renew    the  purifying 
material,  as  its  absorbing  power   ceases.      A   mixture  of   lime   and    sulphate   of    iron, 
FeSO,,  acts  still  better,  because  the  latter,  with  lime.  Ca(HO)j,  forms  ferrous  hydroxide, 
Fe(HO).,,  and  gypsum,  CaSO,.     The  suboxide  (partly  turning  into  oxide)  of  iron  absorbs 
HjS,  forming  FeS  and  H,,0,  and  the  gj-psum  retains  the  remainder  of  the  ammonia, 
the  excess  of  lime  absorbing  carbonic  anhydride  and  sulphuric  anhydride,     fin  English 
works  a  native  hydrated    ferric    hydroxide    is   used    for   removing  hydrogen  sulphide.l 
This  purification  of  the  gas  takes  place  in  the  api)aratus  L,  where  the  gas  passes  through 
netting  m,  covered  with  sawdust  mixed  with  lime  and  suli)hate  of  iron.     It  is  neces.sary 
to  remark  that  in  the  manufacture  of  gas  it  is  indispensable  to  draw  off  the  vapours  from 
the  retorts,  so  that  they  should  not  remain   there  long  (otherwise   the  hy<lroearbons 
would  in  a  considerable  degree  be  resolved  into  charcoal  and  hydrogen),  and  also  to  avoid 
a  great  pressure  of  gas  in  the  apparatus,  otherwise  a  (juantity  of  gas  would  escape  at 
all   cracks   such    as   must   inevitably    exist  in    such  a   complicated  arningement.     For     . 
this  purjiose  there  are  special  pumps  (exhausters)  so  regulated  that  tliey  only  pump  off 
the  quantity  of  gas  formed  (the  pump  is  not  shown   in  the  illustration).     The  purified 
gas  passes  through  the  pii^  n  into  the  gasometer  (gasholder)  P,  a  dome  made  of  iron 
plate.   The  edges  of  the  dome  dip  into  water  poured  into  a  ring-shaped  channel  (f,  in  which 
the  sides  of  the  dome  rise  and   fall.     The  gas  ift  collected  in  this  holder,  and  distributed 
to  its  destination  by  pijies  communicating  with  the  pi|>e  o,  issuing  from  the  dome.     The 
pressure  of  the  dome  on   the  gas  enables  it.  on  issuing  from  a  long  pipe,  to  jjenetrate 
through  the  small  aperture  of  the  burner.    100  kilograms  of  coal  give  about  20  to  ao  <'ul)ic 
metres  of  gas.  having  a  density  from  four  to  nine  times  greater  than  that  of  hydrogen. 
A  cubic  metre  (1000  litres)  of  hydrogen  weighs  about  87  grams  :  therefore  100  kilograms 
of  coal  give  about  18  kilograms  of  gas,  or  about  one-sixth  of  its  weight.  Illuminating  gas  is 
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occurs  in  coal-mines.^^  When  mixed  with  air  it  forms  an  explosive 
mixture,  which  forms  one  of  the  great  dangers  of  coal  mining,  as 
subterranean  work  has  always  to  be  carried  on  by  lamp-light.  This 
danger  is,  however,   overcome  by  the  use  of  Humphry   Davy's  safety 


generally  lighter  than  marsh  gas,  as  it  contains  a  considerable  amount  of  hydrogen,  and  is 
only  heavier  than  marsh  gas  when  it  contains  much  of  the  heavier  hydrocarbons.  Thus 
olefiant  gas,  CoHj,  is  fourteen  times,  and  the  vapours  of  benzene  tliirty-nine  times,  heavier 
than  hydrogen,  and  illuminating  gas  sometimes  contains  15  p.c.  of  its  volume  of  them. 
The  brilliancy  of  the  flame  of  the  gas  increases  with  the  quantity  of  olefiant  gas  and 
similar  heavy  hydrocarbons,  as  it  then  contains  more  carbon  for  a  given  volume  and  a 
greater  number  of  carbon  particles  are  separated.  Gas  usually  contains  from  35  to  60  p.c 
of  its  volume  of  marsh  gas,  from  80  to  50  p.c.  of  hydrogen,  from  8  to  5  p.c.  of  carbonic 
oxide,  from  2  to  10  p.c.  heavy  hydrocarbons,  and  from  8  to  10  p.c.  of  nitrogen.  "Wood 
gives  almost  the  same  sort  of  gas  as  coal,  and  ahnost  the  same  quantity,  but  the  wood 
gas  contains  a  great  deal  of  carbonic  anhydride,  and  the  vapours  of  water  and  tarry 
liquids,  but  on  the  other  hand  there  is  almost  complete  absence  of  sulphur  compounds. 
Tar,  oils,  naphtha,  and  such  like  materials  furnish  a  large  quantity  of  good  illuminating 
gas.  An  ordinary-  burner  of  H  to  1*2  candle  power  burns  5  to  (5  cubic  feet  of  coal  gas  per 
hour,  but  only  1  cubic  foot  of  naphtha  gas.  One  pood  (86  lbs.  Eng.)  of  naphtha  gives 
500  cubic  feet  of  gas — tliat  is,  one  kilogram  of  naphtlia  produces  about  one  cubic  metre 
of  gas.  The  formation  of  combustible  gas  by  heating  coal 
was  discovered  in  the  beginning  of  the  last  century,  but 
only  put  into  j^ractict^  towards  the  end  by  Le-Bon  in  France 
and  Murdoch  in  England,  In  England,  Murdoch,  together 
with  the  renowned  Watt,  built  the  first  gas  works  in  1805. 

It  is  worthy  of  remark  that  1  candle-power  per  hour  en- 
tails a  conKumi)tion  of  not  less  than  7  grams  of  coal  gas,  or  1 H 
grams  of  naphtha  gas,  whilst  lamps  consume  but  4  grams  of 
kerosene  per  candle-power,  and  ordinary-sized  candles  bum 
<»-9  grams  of  stearin,  wax,  or  paraffin,  or  13  grams  of 
tallow  per  hour.  In  practice  illuminating  gas  is  not  only 
used  for  lighting  (electricity  and  kerosene  are  cheaper  in 
Russia),  but  also  as  the  motive-power  for  gas  engines  {arc 
}).  172),  whitli  consume  about  half  a  cubic  metre  per  horse- 
power per  hour  ;  gas  is  also  used  in  laboratories  for  heating 
puqioses.  When  it  is  necessary  to  concentrate  the  heat, 
cither  tho  ordinary  blow])ii>e  (fig.  55))  is  applied,  placing 
the  end  in  the  flame  and  blowing  through  the  mouthpiece; 
or,  in  otlier  forms,  gas  is  passed  through  the  blowpipe; 
wlien  a  hirge,  hot,  smokeless  flame  is  required  for  heating 
crucibles  or  glass-blowing,  a  foot-blower  is  used.  High 
temperatures,  whicli  are  often  retjuired  for  laboratory  and 
manufacturing  purjxisoK,  aire  most  easily  attained  by  the 
use  of  gaseous  fuel  (illuminating  gas,  generator  gas,  and 
water  gas,  which  will  be  treated  of  in  the  following  chap- 
ter) because  complete  combustion  may  be  effected  without 
an  excess  of  air.  It  is  evident  that  for  obtaining  high  tem- 
l)eratures  means  must  be  taken  to  diminish  the  loss  of  heat 
by  radiation. 

'*•  The  gas  which  is  set  free  in  coal  mines  contains  a 
good  deal  of  nitrogen,  some  carbonic  anhydride,  and  a  large 
(|uantity  of  marsh  gas.  The  l>est  means  of  avoiding  an 
«x]>losion  consists  in  efficient  ventilation.  It  is  best  to 
light  coal  mines  with  electric  lamps. 


FlJ.  59.-  Blowpipe.  Air  is 
blown  in  at  tlie  trumpet- 
sha|)e«I  mouthjtioce,  anU 
C9CHi>ed  in  flue  stream  from 
the  platinum  jet  ]>lacc<l  at 
the  extremity  of  the  side 
tube. 


*S3  PRINCIPLES  0¥  CHEMISTRY 

1«1M(V**  Sir  Humphry  Davy  obseried  that  on  intro<lucmga  pieceof  wire 
tFNaJTc  iuto  A  diune,  it  absorbs  so  much  heat  that  combustion  does  not 
|M»<ie«i  Iterond  it  (the  unburnt  gases  which  pass  through  it  may  bo 
kiudtm)  on  the  other  side).  In  accordance  with  this,  the  flame  of  the 
IVvv  htinp  is  suri'ounded  with  a.  thick  glass  (as  shown  in  the  drawing), 
mhI  has  tio  communication  whatever  with  the  cxplosiye  mixture  except 
through  a  wire  gauze  which  prevents  it  igniting  the  mixture  of  the 
iitarsh-gas  issuing  from  the  coal  with  air.  In  some  places,  pai-ticularly 
in  thiwe  districts  where  petroleum  is  found— as,  for  instance,  near  Baku, 
where  a  temple  of  the  Indian  fire- worshippers  was  built,  and  in 
Pennsylvania,  and  other  places — tnarsh-gas  in  abundance  issues  from 
the  earth,  and  it  is  used,  like  coal  gaa,  for  the  purposes  of  lighting  and 
warming.*'  Fairly  pure  marsh  gas  "  may  be  obtained  by  heating  a 
mixtureof  an  acetate  with  an  alkali.  Acetic  acid,  CjHjO.j,  on  being 
heated  is  decomposed  into  marsh  gas  and  carbonic  anhydride, 
C,H,Oi=CH,  +  COj. 

An  alkali— for  instance,  NaHO— gives  with  acetic  acid  a  salt, 
CjHjSaO,,  and  on  decomposition,  with  excess  of  alkali,  this  retains 
carbonic  anhydride,  and  forms  a  carbonate,  Na^COj,  and  marsh  gas 
is  formed. 

CjHjNaOj  +  NaHOsNajCOa  +  CH, 

Marsh  gas  is  ditficult  to  liquefy  ;  it  is  almost  insoluble  in  water, 
and  is  without  taste  or  smell.  The  most  important  point  in  connection 
with  its  chemical  reactions  is  that  it  does  not  combine  directly  with 
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fuiything,  whiUt  the  other  hydrocarbons  which  cotttain  lesa  hydrogen 
than  expressed  by  the  formula  C.EI^^,  are  capable  of  combining  with 
hydrogen,  chlorine,  certain  acids,  Ac. 

^  Marsh  |^s  is  the  only  hydrocarbon  which  contains  one  atom  of 
iMboti  in  its  ihoImuIc,^''  and  stands,  therefore,  to  that  element  in  the 
■ame  relation  as  water  does  to  oxygen  or  ammonia  to  nitrogen.  The  mul- 
titude of  hydnicarbons  which  carbon  has  the  power  of  forming  must  be 
derived  from  this  unitiue  and  simplest  hydrocarbon.  By  arranging  the 
molecules  (and  consequently  equal  volumes)  in  the  following  order— 

»HH;  OH.  ;  NH,;  CH,  ; 
HCl  ;  SH,, ;  PHj  :  SiH,  ; 
it  is  evident  that  hydrogen  and  chlorine  are  univalent,  oxygen  and 
sulphur  bivalent,   nitrogen  and  phosphorus  trivalent,  carbon  and  sili- 
con quadrivalent.     And  if  the  law  of  substitution  gives  a  lery  simple 
explanation  of  the  formation  of  hydrogen  peroxide  as  a  compound  con- 
taining two  aqueous  residues  (OH)  (OH),  then  on  the  basis  of  this 
law  all  hydrocarbons  ought  to  be  derived  from  methane,  GH„  as  being 
the  simplest  hydrocarbon.     The  increase  in  complexity  of  a  molecule 
11     <rf  methane  is  brought  about  by  the  faculty  of  mutual  combination 
■  which  exists  in  the  atoms  of  carbon,  and,  as  a  conse()uence  of  the  most 
m  detailed  study  of  the  subject,  much  of  that  which  might  be  foreseen  and 
"     conjectui'ed  from  the  law  of  substitution  has  been  actually  brought 
about  in  such  manner  as  might  have  been  predicted.    Although  this  sub- 
ject, on  account  of  its  magnitude,  appertains,  as  hasheen  already  stated, 
_    to  the  sphere  of  organic  chemistry,  yet  it  has  been  touched  on  here  in 
Wm  order  to  show,  although  only  in  part,  the  best  investigated  example  of  the 
B'latppl ieation  of  the  law  of  substitution.     According  to  this  law,  a  mole- 
r    «nle  of  methane,  CH,,  is  capable  of  undergoing  substitution  in  the  four 
following  ways  : — (1)  Methyl  substitution,  when  the  radicle  equivalent 
to  hydrogen  CH,,  called  im-Jhyt,  replaces  the  hydrc^n.     In  CH,  this 
radicle  is  combined  with  H,  and  therefore  can  replace  it,  as  (OH)  re- 
s  H  because  with  it  it  gives  water  ;  (2)  methylene  substitution, 
W  the  exchange  between  H3  and  CHj  (this  radicle  is  called  methylene) 
U  founded  on  a  similar  division  of  the  molecule  CH,  into  two  equiva- 
lent parts,  Hj  and  CHj  ;  (3)  acetylene  sulistitution,  or  the  exchange 
between  CH  on  the  one  hand  and  Hj  on  the  other  ;  and  (i)  carbon 
substitution — that  is,  the  substitution  of  H,  by  an  atom  of  carbon  C, 
which  is  founded  on  the  law  of  substitution  similarly  to  the  methyl 
substitution.     These  four  cases  of  substitution  render  it  possible  to 
understand  the  principal  relations  of  the  hydrocarbons.     For  instance, 

"  UebhyleDe,  CH.„  imn  not  eiUt.  Wbea  attempts  ore  made  to  obtain  16  (for 
exuopls,  bj  remoTiiie  X.  from  CH^),  C.^,  or  C}H«  t,Xe  produced— tlut  !■  to  Hf,  it 
DudergoflH  poljnioriH4liDn- 

VDL.    I,  A  A 
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the  (aii>  o/eoen  numbers  is  seen  from  the  [act  that  in  all  the  caseE  of 
subatitution  mentioned  the  hydrogen  atoms  incredse  or  decrease  by 
an  even  number ;  hut,  as  in  CHj  they  are  Hkewise  even,  it  follows  that 
no  matter  how  many  subatitutiona  they  produce  there  will  always  be 
an  even  number  of  hydrogen  atoms  olitained.  Indeed,  when  H  is  re- 
placed by  CHj  there  is  an  increase  of  CH.j  ;  when  H.j  is  replaced  by 
CHj  there  is  no  inci-ease  of  hydrogen  ;  in  the  acetylene  substitution 
CH  replaces  H^,  therefore  there  is  an  increase  of  C  and  a  decrease  of 
H.^  ;  in  the  carbon  substitution  there  is  a  decrease  of  H,.  In  a  simitar 
way  the  law  of  limit  may  be  deduced  as  a  corollary  of  the  law  of 
substitution.  In  fact,  the  largest  possible  ijuantity  of  hydrogen 
introduced  corresponds  with  the  methyl  subatitution,  hut  it  leads 
to  the  introduction  of  CHj  ;  therefore,  no  matter  how  many  times  this 
exchange  may  be  effected  with  CH  „  and,  denotiiig  the  number  of  time* 
by  ("-1),  the  result  will  always  be  CH,(w— 1)(CH5),  or  C.H^,+, 
as  the  highest  hydrogen  compound.  Unsaturated  hydrocarbons,  con- 
taining less  hydrogen,  are  evidently  only  formed  when  the  increase  of 
the  new  molecule  derived  from  methane  proceeds  from  one  of  the  other 
forms  of  substitution.  When  the  methyl  substitution  alone  takes  place 
with  methane,  CU^,  it  is  evident  that  the  saturated  hydrocarbon  formed 
is  CjHu  or  (CH3)(OH3).'"  This  is  called  etlia,ie.  Directly,  by  means 
of  the  methylene  substitution  alone,  ethylene,  CjH^,  or  (CH^)  (CH,)  may 
be  obtained  from  CH,,  and  by  the  acetylene  substitution,  C^Hj  or 
(CH){CH),  or  (u-i'lijlene,  both  the  latter  being  unsaturated  hydro- 
carbons. Thus  we  have  all  the  possible  hydrocarbons  with  two  atoms 
of  carI)on  in  the  molecule,  C,Hg,  ethane,  C^&t,  ethylene,  and  C^H,, 
acetylene.  But  with  them,  according  to  the  law  of  substitution,  the 
same   forms  of    substitution    may  be  repeated — that  is,  the  methyl, 

^  Although  LhemethodB  of  fonuiktiDii  aud  thereactioDH  CMnme<ited  with  hydrociifbanB 
ore  not  doAcribed  ia  thi^  work,  bcD&uBfl  they  Are  deiklt  with  in  orgouic  chemiatry,  yet,  in 
order  to  cleiuly  hUdw  the  mechuiiaiu  of  tUoee  tiuuformatioiu  by  which  tho  oubon 
atonu  ue  boilt  up  in  the  molecnlea  of  the  carbon  componndB,  we  here  give  &  general 
exunple  of  reutioiii  ot  this  kind.  From  mnmh  gaa,  CH,,  on  the  one  hand,  the  mbOA- 
tatioQ  of  dilorine  or  iodine,  CHiCl,  CHjI,  for  the  hydrogen  may  be  eSeoteJ,  uid,  on  Ifae 
other  huid,  such  metslB  u  ■odium  may  be  subetituted  for  the  hydro^n,  CHjNu.  Such 
and  other  similar  prodactsof  anbititutioD  ore  exceedingly  cbuoclerifltie  of  bydmoorbonB, 
andBerre  as  a  means  of  obtuning  other  more  wmplei  Babstani^ei)  from  given  curtioneam- 
pounds.  If  we  place  the  two  abore-named  prodncto  of  aufaatitation  of  nwrah  gas  (metnllia 
and  haloid)  in  matnal  rontapt,tha  metal  combineawith  the  halogen,  forming  a  very  stable 
compound — namely,  common  salt  or  eodinm  chloride  and  the  carbon -groQ|iB  nhieb  were 
in  cumhiuntion  wilb  tliein  Hupaiate  in  mutnul  combination,  as  ahowti  by  the  ecgiintion  ; 

CHjCl  t  CHjN»=  Nad  +  0,3). 

This  is  the  moat  simple  eiample  of  Ibe  formation  of  n  oomplei  hydrocarbon  from  thes« 
radicles.  The  canse  ot  the  reaction  must  bu  sought  for  in  the  property  which  chlorms 
and  sodium  have  of  entering  inlo  mutual  combination. 
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methylene,  acetylene,  and  even  carbon  substitutions  (because  C^Hg  will 
still  contain  hydrogen  when  C  replaces  H4) — and  therefore  further  sub- 
stitutions will  serve  as  a  source  for  the  production  of  a  set  of  saturated 
and  unsaturated  hydrocarbons,  all  containing  more  and  more  carbon 
in  the  molecule  and,  in  the  case  of  the  acetylene  substitution  and 
carbon  substitution,  containing  less  and  less  hydrogen.  Thus  by 
Tiuans  of  the  law  of  substitution  tee  can  foresee  not  only  the  limit 
C„H^+„  but  an  unlimited  number  of  unsaturated  hydrocarbons,  C^Hj^, 
C„H^_,  ....  C„H2(„_„,),  where  m  varies  from  0  to  n  - 1,^**  and 
where  n  increases  indefinitely.  From  these  facts  not  only  does  the 
existence  of  a  multitude  of  polymeric  hydrocarbons,  differing  in  mole- 
cular weight,  become  evident,  but  it  is  also  seen  that  there  is  a  possi- 
bility of  cases  of  isomerism  with  the  same  molecular  weight.  Already 
in  the  first  unsaturated  series  C„H2n  that  polyvierism  so  common  to 
hydrocarbon  compounds  is  apparent,  because  all  the  terms  of  thb 
series  C2H4,  CgHg,  C4H8  ....  CjQHgQ  ....  have  one  and  the 
same  composition  CHg,  but  different  molecular  weights,  as  has  been 
already  explained  in  Chapter  VII.  (page  312).  The  differences  in  the 
vapour  density,  boiling  points,  and  melting  points,  of  the  quanti- 
ties entering  into  reactions, ^^  and  the  means  of  preparation^"  also  so 
clearly  tally  with  the  doctrine  of  polymei*ism,  that  this  example  will 
always  be  the  clearest  and  most  conclusive  for  the  conception  of 
polymerism  and  molecular  weight.  Such  a  case  is  also  met  with  among 
other  hydrocarbons.  Thus  benzene,  CgH^j,  and  cinnamene,  CgH^, 
correspond  with  the  composition  of  acetylene  or  to  a  compound  of 
the  composition  CH.^*     The  first  boils  at  8P,   the  second  at  144°  ; 

"'^  Wlien  in  —  n  1,  we  have  the  series  dHj.  The  lowest  member  is  acetylene,  C^Hj. 
Amongst  tlie  hydrocarhons  with  C5,  there  ought  to  be  two  of  the  formula  C5H2,  one 
with  the  structure  CH,CCH,  and  the  other  CCH.^C.  But  one  of  these  is  unknown.  For 
C'lH.j,  CHCCCH  is  known  the  diacetylene  of  v.  Baeyer,  an  explosive,  easily  destructible, 
gaseous  substance.     Nothing  more  is  known  of  the  series  CnH2. 

^^  For  instance,  ethylene,  C,jH4,  combines  with  Br.^,  HI,  H2SO4,  as  a  whole  molecule, 
as  also  does  amylene,  CjHn),  and,  m  general,  CnH^n — that  is,  the  reacting  masses  are 
proportional  to  the  molecular  weight  or  n,  or  to  the  density  of  the  vapours  (i>age  307). 

*'^  For  instance,  ethylene  is  obtained  by  removing  the  water  from  ethyl  alcohol, 
C_,H5(OHj,  and  amylene,  C^Hjo,  from  amyl  alcohol,  C4Hxi(0H),  or  in  general  CtH.^n  from 

CnH_»n  +  i(OH). 

*'  Acetylene  and  its  i)olymerides  have  an  empirical  composition  CH,  ethylene  and 
its  honiologues  (and  polymerides)  CHo,  etliane  CH5,  methane  CH4.  Tliis  series  presents 
a  good  exanii)le  of  the  law  of  multi])le  proportions,  but  such  diverse  proiwrtions  are  met 
witli  between  the  number  of  atoms  of  the  carbon  and  hydrogen  in  the  hydrocarbons 
ulr^^ady  known  tlmt  the  accuracy  of  Dalton's  law  might  be  doubted.  Thus  the  difference 
in  weight  between  the  substances  CjoH^-.i  and  Cj^H^  is  so  slight  that  it  is  within  the  in- 
evitable errors  of  analysis,  but  their  reactions  and  properties  are  so  distinct  that  they 
can  he  distinguishrd  beyond  a  doubt.  Without  Dalton's  law,  chemistry  could  not  have 
been  brought  to  its  present  conditi(»n,  but  it  cannot  alone  express  all  those  shades  which 
are  (juite  clearly  understood  and  predicted  by  the  law  of  Avogadro-Gerhardt. 

▲  ▲  2 
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the  specific  (j^Tivity  of  the  first  is  0899  ;  thnt  of  the  second,  0-925,  at 
0' — that  is,  here  also  the  boiling  point  rises  with  the  increase  of 
inolecalar  weight,  and  so  also,  as  might  be  expeL-ted,  does  the  density. 

Cases  of  isomerism  in  the  exact  sense  of  the  word -that  is,  when, 
with  an  identity  of  compiisitioD  and  of  molecular  weight,  the  pro- 
perties of  the  substances  are  (Hfterent  — are  very  numerous  among 
the  hydrocarbons  and  their  derivatives.  Such  cases  are  particularly 
important  for  the  comprehension  of  molecular  structure,  and  they 
also,  like  the  polymerides,  may  l>e  predicted  from  the  above-mentioned 
conceptions,  expressing  the  principles  of  the  structure,  of  the  carbon 
coropounda  "  baseil  on  the  law  of  substitution.  AccordinR  to  it,  for 
exHmple,  it  is  evident  that  there  can  be  no  isomerism  in  the  cases  of 
the  saturated  hydrocarbons  C^Hb  and  CjHs,  l>ecause  the  former  ia 
CR„  where  methyl  has  taken  the  place  of  H,  and  as  all  parts  of 
the  hydrogen  atoms  of  methane  ought  b)  be  supposed  to  have  the 
same  relation  to  carbon,  it  is  all  the  same  which  of  them  he  subjected 
to  the  methyl  substitution— the  resulting  product  will  only  be  ethane, 
CH3CH,  ;"  and  therefore  the  same  argument  applies  in  the  case  of 
propane,  CHjCHjCHj,  where  one  compound  only  can  be  imagined.     It 

"  The  conception  of  the  iilnictiiro  of  hydrocarbon  rranpoundB— ihul  \g,  the  cipreimion 
of  those  oiiinns  und  correUtions  xhii^h  their  fttomnhsve  in  the  uoleonloB — nu  for  a  long 
time  limited  to  the  repreaentation  that  organic  Bnbalaiides  contained  oomplei  radirtea 
(lor  inataiiL-e,  eth  jl  C.,Hs.  methyl  CH,„  phenyl  CbHs,  *e.) ;  then  alxiut  the  year  1H40  the 
phenomena  of  substitution  and  the  CDrreBpondencn  ol  the  produuts  of  anbatitntion  with 
the  primary  bodies  Inuelei  and  types)  were  ohserred,  but  it  was  not  until  about  the  year 
18«0  and  later  when,  on  the  one  hand,  the  teaching  at  Oerhardt  about  Riolecnlet  wb<i 
■preadiuK.  and,  on  the  other  hand,  the  materials  had  accamulated  (or  discaeaing  tb« 
tnuuformallonii  of  the  aimplcsl  hydrocarbon  ccroponnds,  that  conjecturea  began  to 
apjiear  aa  to  the  mutuaJ  comiBction  of  tbe  atoma  ol  carbna  in  the  moleculen  of  the  com- 
plex hydrnuirhon  compouoda.  Then  Kekoli  and  A.  H.  Batleroff  began  to  eipresa  the 
oonnsttion  between  the  separate  alonuof  carbon,  regarding  it  as  a  quadrivalenl  element. 
Altliongh  in  their  methods  of  etpression  and  in  some  ol  their  vieire  tbey  differ  from  such 
other,  and  also  from  the  wayin  which  the  subject  is  treated  in  (his work,  yot  the  esaenoo 
ol  the  mattei^namely.  the  comprehension  of  the  caasea  of  isomeriam  and  of  the  union 
between  the  separate  atoms  of  carl)on— remains  the  same.  In  addition  to  this,  starting 
from  the  year  1870,  there  appears  a  tendency,  wbioh  from  year  to  year  inereasee,  to  dig- 
cover  the  aetnol  apacial  dialribotion  of  the  atoms  in  the  molecules.  Thanks  to  the 
endeavours  of  Le  Bel  (IHTI).  Van't  HoD  [18711,  and  WiKlicenna  (1SB7)  in  obseiving  ease* 
of  isomerism -nnoh  as  the  effect  of  different  isomeriden  on  the  direction  of  the  rota- 
tion nf  the  plane  of  polarisation  of  lights— this  tendency  prnmises  much  for  chemical 
mechanics,  but  the  details  of  the  still  imperfect  knowledge  in  relation  to  this  matter 
mnat  be  sought  lor  in  special  works  derolod  to  organic  chemistry. 

u  Direct  experiment  ahows  that  however  CH,X  is  prepared  (where  X  =  for  b«t«]c« 
CI,  Sc)  it  is  alwaya  one  and  the  same.  It.  for  instance,  in  CX,.  X  in  gradually  replaced 
by  hydrogen  until  CHjX  is  produced,  or  in  CH,  the  hydrogen  by  rarious  means  ia 
replaced  by  X.  or  else,  for  instance,  if  CE^  he  obtained  by  the  decomposition  ol  mure 
complex  compounds,  the  name  product  is  always  obtained. 

This  was  hhnwn  in  the  year  IWW,  or  there  about,  by  many  motboda.  and  is  tlia  Innda- 
tnantal  conception  ol  the  alraeture  ol  hydrocarbon  componnds.     If  the  atoms  of  bydio- 
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is  to  be  expected,  however,  that  there  should  be  two  butanes,  C,H,^ 
and  thiB  is  actually  the  case.  In  one  methyl  may  be  considered 
as  replacing  the  hydrogen  of  one  of  the  methyls,  CHjCHaCH.^CH,  ; 
and  in  the  other  CH3  may  be  considered  as  substituted  for  H  in 
CHj,  and  there  it  will  consist  of  CHjCH  pa'-  It  may  be  also  re- 
garded as  methane.  In  which  three  of  hydrogen  are  exchanged  for 
three  of  methyl.  On  going  further  in  the  series  it  is  evidt^nt  that  the 
number  of  possible  isonierides  will  be  still  greater.  But  we  have 
limited  ourselves  to  the  simplest  examples,  showing  the  possibility  and 
actual  existence  of  isonierides.  CjHj  and  CH.^CH,  are,  it  is  evident, 
identical,  but  there  ought  to  be,  and  are,  two  hydrocarbons  of  the 
composition  CjH^,  propylene  and  trimethylene  ;  the  lirst  is  ethylene 
CHjCHj,  in  which  one  part  of  hydrogen  is  exchanged  for  methyl 
CHiCHCHj,  and  trimethylene  is  ethane,  CHjOHj,  only  with  the 
exchange  of  methylene  for  two  hydrogen  atoms  from  two  methyl 
groups— that  is,  p„"CHj,**  where  the  methyl  introduced  is  united 
to  both  the  atoms  of  carbon  existing  in  CHjCHj.  It  is  evident 
that  the  cause  of  isomerism  here  is,  on  the  one  hand,  the  difference  of 
the  amount  of  hydrogen  in  union  with  the  particular  atoms  of  carbons, 
and,  on  the  other,  the  ditferent  connection  between  the  separate  atoms 
of  carbon.  In  the  first  case  they  may  bfe  said  to  be  fhaineil  together 
(more  generally  to  form  '  an  open  chain  '),  and  in  the  second  case,  to  be 
locked  up  (to  form  a  '  closed  chain  '  or  '  ring '),  Here,  also,  it  is  easily 
understood  that  on  increasing  the  quantity  of  carbon  atoms  the  num- 
ber of  conjectured  and  existing  isomerides  will  greatly  increase.  If, 
also,  in  addition  to  the  substitution  of  one  of  the  radicles  of  methane 
for  hydrogen  a  further  exchange  of  part  of  the  hydrc^n  for  some  of 
the  other  groups  of  elements  X,  Y  .  .  .  .  occurs,  the  quantity  of 
possible  isomerides  still  further:  increases  in  a  considerable  decree. 
For  instance,  there  are  even  two  possible  isomerides  for  the  derivatives 
of  ethane,  CjH^ ;  if  two  parts  of  the  liydrogen  1>e  exchanged  for  Xj,  one 

gen  if  meth]']  were  not  abmlutoly  iileittiok]  In  •olae  uid  poutinn  {»-i,  (or  ioatiuica,  in 
CHjCILjCHj,  or  CHjCH^),  then  Ihera  would  be  bb  niiuiy  difler«»t  larma  or  CH3X 
aa  than)  were  iliveniliaB  in  Ike  Alomi  of  1ijdrof;vD  in  CH^.  The  iicape  nl  Out  work  does 
not  permit  of  a  more  detailed  uccoant  of  this  nutter.     It  ii  given  in  works  on   orguiia 

"  The  nnioa  o[  carbon  nioma  in  clouid  clwjnii  or  rings  wan  first  HU|jge>tted  by  KeknJ^ 
as  an  eiplanation  of  the  itmctare  and  isomeriHin  ol  the  derivatives  »l  beuneiie.  CuUe, 
lomiing  aromatic  compoiuidB  fNote  30).  It  is  DOW  Encontstlable.  nllhoDgb  the  ques- 
tion of    ianmerisDi  between  the  beoi«ne  derivatiTSii    cannot  be  wiiKidered  lUt  Snally 
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will  have*  the  ethylene  structure,  CH,XCHjX,  and  the  other  an  ethyU 
ideiie  structure,  CH^CHX,  ;  auch  are,  for  instance,  ethylene  chloride, 
CH.,C1CH,C1,  and  ethylidene  chloride,  CH3CHCI,.  And  as  in  the 
place  of  the  first  part  of  liydrogen  not  only  metals  may  l>e  substi- 
tuted, but  CI,  Br,  I,  (OH)  the  water  radicle,  (NH.^}  the  ammonia  radi- 
cle, (NO.,)  the  radicle  of  nitric  acid,  itc,  so  also  in  exchange  for  two 
parts  of  hydrogen  O,  NH,  S,  ifec.,  may  be  substituted,  whence  it  will  be 
understood  that  the  quantity  of  isomeridee  is  sometimes  very  great. 
It  is  impoEsible  here  to  describe  how  the  isomerides  are  distinguished 
from  each  other,  in  what  reactions  they  occur,  how  and  when  one 
changes  into  another,  .tc.  ;  for  this,  tnken  together  with  the  rlescrip- 
tion  of  the  hydrocarbons  already  known,  and  their  derivatives,  forms  a. 
most  extended  and  most  thoroughly  investigated  branch  of  chemistry, 
called  onjanic  ch^migtr;/.  Enriched  with  a  mass  of  closely -observed 
phenomena  and  strictly- deduced  generalisations,  this  branch  of 
chemistry  has  been  treated  separately  for  the  reason  that  in  it  tbe 
hydrocarbon  groups  are  subjected  to  transformations  wliich  are  not 
met  with  in  such  quantity  in  dealing  with  any  of  the  other  elements 
or  their  liydrogen  compounds.  It  was  important  for  us  to  show  that 
notwithstanding  the  great  variety  of  the  hydrocarbons  and  their 
products,**  they  are  all  of  them  governed  by  the  law  of  substitution, 
and  referring  our  readers  for  detailed  information  to  works  on  organic 
chemistry,  we  will  limit  ourselves  to  a  short  exposition  of  the  pi'opertieB 
of  the  two  simplest  unsaturated  hydrocarbons  :  ethylene,  CHjCH,,  and 
acetylene,  CHCH,andaBhortacquaintancewitb  petroleum  as  the  natural 
source  of  a  mass  of  hydrocarbon h,     Btkyhiie,  or  olefiaiU  gaa,  CjH^,  is. 

*'■  The  foUiwiiit;  are  the  moHt  generally  knowu  of  the  oi;);eDised  but  Dcin-mCni- 
geoouB  hydFocarbon  derivatiTes.  (1)  The  alcohola.  Tbnse  axe  hydrocarbon h  in  vbiob 
hydrogen  is  eichanjied  for  hydroiyl  (OH).  The  lumpleBt  of  the<e  it  metbyl-aloohol. 
CH](OHk  01  nood  Bjniit  obtuned  by  the  dry  diiitUliitiDn  u[  Moud.  The  coumiou  ipiritB 
of  wine  or  ethyl  dooliol,  C,Hi(OB),  imd  Bljool,  CaH,[OH)a,  oomtHpoud  with  othMie.- 
Nomul  propyl  klcohol,  CHsCH.jCH,(OH),  uid  isopnipyl  aloohol.  CU,CH(0H)CI1„  pro- 
pylene-glycol, CjHelOH}.^  and  glycerol,  CjHifOH)]  Iwhich,  with  aWariu  lUid  other  ocida^ 
tomiB  fatly  Bubutuioes),  cucrespond  with  propane,  CjHe.  All  alonhoU  ue  capiible  of  form- 
ing water  and  ethereal  wltB  with  acids,  just  as  alkalis  form  ordinary  ealts.  (2)  Aldehydes 
are  alcohols  minus  hydrogen ;  (or  instuice,  acetoldehyde,  C^11,0,  oorreupondi  with  ethyt 
lUcohol.  (3)  ll  is  Himpleat  to  regard  organic  acids  aa  bydrovaiUius  in  whjcli  hjrdrognn 
has  been  excbanged  for  carboiyl  (COiH),  ■■  will  be  expluned  iu  the  following  ohapLer. 
Them  are  a,  number  of  intermediate  componnde;  for  example,  the  aldehyde-alcohoU, 
oloohol-ocids  (or  hydroxy -arids),  ikc.  Thus  the  hydroxy-acida  are  hydruoarbonH  in  which, 
some  of  the  hydrogen  has  been  replaced  by  hydroiyl.  and  some  by  carboxyl  ;  lor 
instance,  lactic  acid  oorrespondii  with  C.Hg,  and  has  tbe  conetitution  CiH,(OU)(CO]Hl. 
It  to  those  products  we  add  the  haloid  salts  (whore  H  is  replaced  by  CI,  Bt.  I),  tbe  nitn- 
componnds  eootaining  NO,  instead  o(  H.  the  amides,  cyanides,  ketones,  and  other  com- 
pounds, it  will  be  readily  seen  what  an  immense  number  of  organic  compounds  there  ara 
andwhata  variety  of  properties  these  Kabsbancea  have ;  tbiawe  see  also  from  the  com- 
position  o(  plants  and  oiiiiaals. 
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the  lowest  known  member  of  the  unsaturated  hydrocarbon  series  of  the 
composition  C„Hj„.  As  in  toinposition  it  is  equal  to  two  tuoleeules  of 
marsh  gas  deprived  of  two  molecules  of  hydrogen,  it  is  evident  that  it 
might  be,  and  actually  can,  together  with  hydrogen,  be  produced, 
although  but  in  small  quantities,  by  beating  mursh  gas.  On  being 
heated,  however,  oletiant  gas  is  decomposed  into  charcoal  and  marsh 
gas  ;  C^Hj^CHj-fC  ;  and  therefore  in  those  cases  where  marsh  gas 
is  produced  by  heating,  olefiant  gas,  hydrogen,  and  charcoal  will  also  be 
formed,  although  only  in  small  quantities.  The  lower  the  temperature  at 
which  complex  organic  substances  are  heated,  the  greater  the  quantity 
of  olefiant  gas  found  in  the  gases  given  off ;  at  a  white  heat  it  is  en- 
tirely decomposed  into  charcoal  and  marsh  gas.  If  coal,  wood,  and 
more  particularly  petroleum,  tars  and  Fatty  substances  are  subjected  to 
dry  distillation,  they  give  off  ilium  in  ating  gas,  which  contains  more  or 
less  uleliant  gas. 

Olefiant  gas,  almost  free  from  other  gasea,'^  may  be  obtained 
from  ordinary  alcohol  (if  possible,  free  from  water),  if  it  be  mixed  with 
five  parts  of  strong  sulphuric  acid  and  the  mixture  heated  to  slightly 
above  100°.  Under  these  conditions,  the  sulphuric  acid  removes  the 
elements  of  water  from  the  alcohol,  CjHj{OH),  and  gives  olefiant  gas, 
CaH60=H.jO  +  C^H,.  The  greater  molecular  weight  of  olefiant  gas 
compared  with  marsh  gas  points  out  that  it  may  be  comparatively 
easily  con\erted  into  a  liquid  by  means  of  pressure  or  great  cold  ; 
this  may  be  effected,  for  example,  by  the  evaporation  of  liquid  nitrous 
oxide.  Its  absolute  boiling-point  is  +  10",  it  boils  at  —103°  (1  atmo- 
sphere), liquefies  at  0°,  at  a  pressure  of  43  atmospheres,  and  solidifies 
at  —160°.  Ethyleue  is  colourless,  has  a  slight  ethereal  smell,  is  slightly 
soluble  in  water,  and  somewhat  more  soluble  in  alcohol  and  in  ether 
(in  five  volumes  of  spirit  and  sis  volumes  of  ether).*' 

Like   other  unsaturated  hydi'ocarbons,   olefiant  gas   readily  ejiters 

•"  EUlylun«  bTomiclH,  C.H^Br.j,  when  geotl;  heHted  in  iilcoholie  HolDlian  with  flniilj 
divided  xinc,  jielda  pore  ethj^lDDe,  tho  lioc  merelj  tnkiiig  up  the  bromiue  (Sitbiuiejefl). 

*'  EthjluiH  decuiupoiieB  HomeffbKt  eftnilf  nnder  the  inHaeace  ol  the  electric  spark, 
or  u  high  tcmptiriitnre.  In  Uiia  cue  the  Tolame  ol  the  gaa  lormed  dibv  remaia  the 
ftiuue  wlien  nluliaiil  gna  is  decompoaed  into  carbon  uid  morah  gu,  or  may  [ncreow  lo 
dimble  its  volonia  when  hydrogon  uid  cwbon  tie  formed.  C.jHi  =  CHj+ C  =  !C  +  aHj. 
A  mixture  of  ulefiuit  tea*  and  cnygeu  is  highlj  eiplouve:  ttro  Tolumes  of  thia  gaa  require 
ail  rolumm  ul  oiygeii  lor  it«  perfect  combaation.  The  eight  vnlumea  thna  taJcen  then 
reaulre  thenisBlrea  inlD  a  mixture  al  eight  Tcdamea  ol  the  prodaota  of  combaation,  «alt>r  and 
cubonic  anhydride,  C,S,  +  80.,  =  ECO.,  .f  iRJ3.  On  cooling,  alter  the  eiploaion,  diminution 
of  valume  occnra  becauae  the  wator  becomet  Jii|Uid.  For  two  volumeB  of  the  olefiant  gaa 
taken,  Ow  diminution  nill  be  equal  to  lour  rotnmes.  and  the  aame  for  mamh  gaa.  Tha 
■tuantit;  of  unrboiiic  anhydride  formed  by  both  (laaea  ii  uot  the  same.  Two  volumea  of 
march  gaa  give  only  tiro  volnmea  of  carbonic  anhydride,  and  two  volumea  olethylaue  giro 
tour  volume*  of  carlmnie  anhydride  |3COj). 
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into  combination  with  certain  substAni-es.  suiii  as  chlorine,  bromiiM 
iodine,  fuming  sulphnnc  acid,  or  sulphuric  anhydride.  If  olefiiuitg 
be  sealed  up  with  a  small  quantity  of  sulphuric  acid  in  a  glos 
and  lie  auhjected  to  continued  shaking  (as,  for  instance,  by  suspending 
it  from  a  uiuving  port  of  a  machine),  the  prolonged  contact  and  repeate^l 
mixing  causes  the  olefiant  gas,  little  by  little,  to  combine  with  the 
sulphuric  acid,  fonuiiig  C^HiH^SO,.  If,  after  this  absorption,  tile 
sulphuric  acid  be  diluted  with  water  and  distilled,  alcohol  separates, 
which  is  priKluced  iii  this  coae  by  the  oletiant  gas  combining  with 
the  elements  of  water,  CjH^  +  HjO=C.jH60.  lathis  reaction  (Ber- 
thelot)  we  see  an  excellent  example  of  the  fact  that  if  a  given  sub- 
stance, like  olefiant  gas,  is  produced  by  the  decomposition  of  another, 
then  in  the  reverse  way  this  substance,  entering  into  combination,  is 
capable  of  forming  the  original  substance — in  our  example,  alcohol. 
Therefore  the  reaction,  CH3CHj(0H)=H(0H) +CH,CHj,  ought 
to  be  classed  as  a  reversible  reaction.  In  combination  with  various 
molecules,  X^,  ethylene  gives  saturated  compounds,  C.jH^X, — that  is, 
either  CHjXCHjX,  or  CH3CHX1,  which  correspond  with  ethane, 
CHjCH,,  or  C,Hs." 

Acetylene,  CjH,=CHCII,  is  a  gas  ;  it  was  first  prepared  by 
Berthelot  (1857).  It  has  a  very  pungent  smell,  b  cliaracterised 
by  its  great  constancy  onder  the  action  of  heat,  and  is  the  only 
product  of  the  direct  combination  of  carbon  with  hydrogen.  This 
combination  takes  place  under  the  action  of  great  heat,  such  as  is 
produced  by  a  very  strong  electric  current  Ijetween  carbon  points.  A 
brilliant  arc  (voltaic)  is  then  formed  between  the  carbon  electrodes, 
which  contains  particles  of  carbon  passing  from  one  pole  to  the  other. 
If  the  carbons  be  surrounded  with  an  atmosphere  of  hydrogen,  the 
carbon  in  part  combines  with  the  hydrogen,  forming  C^H,.  Acetylene 
may  be  fonned  from  olefiant  gas  if  two  atoms  of  hydrogen  lie  taken 
from  it.  This  may  be  etfecteil  in  the  following  way  :  the  oletiant  gas  is  first 
made  to  combine  with  bromine,  giving  CjHjBr^  ;  from  this  the  hydro- 
bromic  acid  is  taken  by  means  of  an  alcoholic  solution  of  caustic  potash, 
leaving  the  volatile  product  C.jHjBr  ;  and  from  this  yet  another  part 
of  hydrobrouiic  aeiil  is  withdrawn  by  passing  it  through  anhydrous 
alcohol  in  which  metallic  sodium  has  been  dissolved,  or  by  heating  it 
with  a  strong  alcoholic  solution  of  caustic  potash.     Under  these  cir- 

*'  The  homologueB  of  ethylene,  C  Bm,  ue  kIw  nLpiLhle  o(  direct  coiabiuntion  vith 
hsloKeiu,  Siv.,  but  vrith  vnriimi  degrees  of  facility.  Tbe  EampoBitiuQ  of  these  bomologdas 
on  be  BKijresMfd  Ihua:  (CHj)^CH,|,  (CH),C,  where  the  nom  of  i +  »  i.  iilways 

tJiis  luemifi  the  poflaible  iBomeridei  are  deteTmined.     For  ekunple,  for  butjIeDe 
(CHs),(CH)„   (CHj)5(CH:,)t-,  [CH,)(CHj|aCH,iuid(CH5l,ftrH|«jBiiibis. 
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cumstanceG  (Berthelot,  Sawitsch,  MiasnikolT)  the  alkali  takes  u|i  the 
hydro broiiiic  acid  from  C„Hj,_|Br,  foinibig  C,Hj._a. 

Acety!«ne  is  also  produced  in  all  those  cases  wliere  organic  sub- 
stances are  decomposed  by  the  autioii  of  a  high  temperature — for 
example,  hy  dry  distillatiuu.  Uii  this  account  a  certain  ([uaotity  in 
always  found  in  coal  gas,  and  gives  to  it,  at  all  events  in  part.  Ha 
peculiar  smell,  but  the  quantity  of  acetylene  in  coal  gas  is  very  small. 
If  the  vapour  of  alcohol  be  passed  through  a  heated  tube  a  certain 
quantity  of  acetylene  is  formed.  It  is  also  produced  by  the  imperfect 
combustion  of  olefiant  and  marsh  gas— for  example,  if  the  flame  of 
coal  gas  has  not  free  access  to  air.''-'  The  inner  part  of  every  flame 
contains  gases  in  imperfect  combustion,  and  in  them  some  amount 
of  acetylene. 

Acetylene,  being  further  removed  than  ethylene  from  the  limit 
ObH,,+5  of  hydrocarbon  compounds,  has  a  still  greater  faculty  o£  combi- 
nation tliBu  is  shown  by  olefiant  gaa,  and  therefore  can  be  more  readily 
separated  from  any  mixture  containing  it.  Actually,  acetylene  not  only 
combines  with  one  and  two  molecules  of  I,,  HI,  HjSO,,  Clj,  Br.j, 
&c.  .  .  .  (many  other  unsaturated  hydrocarbons  coDibine  with  them)  but 
also  with  cuprous  chloride,  CuCl,  forming  a  red  precipitate.  If  a  gaseous 
mixture  containing  acetylene  be  passed  through  a  solution  of  cuprous 
chloride  (or  AgNO^)  and  ammonia  water,  the  other  gases  do  not  com- 
bine, but  the  acetylene  gives  a  red  precipitate  (or  gray  with  silver), 
vhich  on  being  struck  with  a  hammer  decomposes  with  an  explosion. 
This  red  precipitate  gives  off  acetylene  under  the  action  of  acids. 
In  this  manner  pure  acetylene  may  be  produced.  Acetylene  and  its 
homologues  also  readily  react  with  corrosive  sublimute,  HgCI^  (Kou- 
cheroflT,  FavorBky).  Acetylene  bums  with  a  very  brilliant  titune,  which 
is  accounted  for  by  the  comparatively  lai^e  amount  of  carbon  it 
contains.*" 

The  formation  and  exist«nce  in  nature  of  large  maasea  of  petroleum 
or  a  mixture  of  liquid  hydrocarlxina,  principally  of  the  series  C,H,,, 
and  C.H J,  is  in  most  rexpects  reniarkable."'     In  .some  mountainous  die- 

"  Thi*  is  tsBsil)'  nccompliiilied  willi  tliou  gKH  Uuipg  whieh  ire  .u««d  in  ialmriitocies 
■nd  mentioned  in  ths  Introduction,  pnge  11.  In  Iheu  lamfja  the  ru  In  fint  mixed  with 
air  in  >  long  tube,  aboTe  whicli  it  ii  kindled.  But  if  it  he  li^lilod  inaidc  the  pipe  it  doBB 
not  tnlly  bum,  bat  forma  acetylene,  on  account  ot  the  coolin)-  eSect  of  the  walla  ol  the 
metallic  tabe;  thin  is  obaerved  bf  the  anislt,  and  nwy  be  ■boani  by  )W>iing  the 
iaininft  gas  |by  aid  of  ui  aapirator)  into  an  auuuuniacal  solution  of  cuprous  chlorids. 

)o  Amongst  the  homologue*  of  Hoetytene.  CnUjn-i,  tbo  InvrpBt  is  CjH, ;  allylene, 
CHjCCH,  and  allene,  CH^CCH,,  %n  knoirn,  but  the  oloaed  stracture,  CHjfCHli,  is 
unknown. 

"  The  saturated  hydrocarbons  prediuninB(«  in  American  petruleum,  eapeoiollj  in 
its  more  volatile  parts ;  in  Baku  naphtha  the  hydrocarbons  of  the  composition  CgHan  form 
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tricts — as,  for  instance,  by  the  slopes  of  the  Caucasian  chain,  on  inclines 
in  a  parallel  direction  to  the  chain — an  oily  liquid  issues  from  the  earth 
together  with  salt  water  and  hot  gases  (methane  and  others) ;  it  has  a 
tarry  smell,  dark  brown  colour,  and  is  lighter  than  water.  This  liquid 
is  called  naphtha  or  rock  oil  (petroleum),  and  is  obtained  in  large  quan- 
tities by  making  wells  and  deep  bore-holes  in  those  places  where  traces 
of  naphtha  are  observed,  the  naphtha  being  sometimes  thrown  up  from 
the  wells  in  fountains  of  considerable  height."**  The  evolution  of 
naphtha  is  always  accompanied  by  salt  water  and  marsh  gas.  Naphtha 
has  from  ancient  times  been  worked  in  Russia  in  the  Apsheron  penin- 
sula near  Baku,  and  is  also  now  worked  in  Burmah  (India),  in  Galicia 
near  the  Carpathians,  and  in  America,  especially  in  Pennsylvania  and 
Canada.  Naphtha  does  not  consist  of  one  definite  hydrocarbon,  but  of 
a  mixture  of  many,  and  its  density,  external  appearance,  and  other 
qualities  vary  with  the  amount  of  the  different  hydrocarbons  of  which 
it  is  composed.  The  light  kinds  of  naphtha  have  a  specific  gravity  about 
0*8  and  the  heavy  kinds  up  to  0*98.  The  former  are  very  mobile  liquids, 
and  are  more  volatile  ;  the  latter  contain  less  of  the  volatile  hydro- 
carbons and  are  less  mobile.  When  the  light  kinds  of  naphtha  are  dis~ 
tilled  the  boiling  point  in  the  vapours  constantly  changes,  beginning  at 
0®  and  going  up  to  above  350".  That  which  passes  over  first  is  a  very 
mobile,  colourless  ethereal  liquid,  from  which  the  hydrocarbons  whose 
boiling  points  start  from  0°  may  be  extracted — namely,  the  hydrocarbons 
C^Hio,  C^Hia  (which  boils  at  30°),  CeH^  (boUs  at  62'*),  C7H,6  (boils 
about  90°),  «tc.     Those  fractions  of  the  distillate  of  naphtha  which  boil 

the  main  part  (Lisenko,  Markoviiikoff,  Beilstein),  but  doubtleHS  (Mendeleeff)  it  alfto  con> 
taine  saturated  ones,  CnHin^-i-  T^®  structure  of  the  naphtha  hydrocarbons  is  only  known 
for  the  lower  homologues,  but  doubtless  the  distinction  between  the  hydrocarbons  of  the 
Pennsylvanian  and  Baku  naphthas,  boiling  at  the  same  temperature  (after  the  requisite 
refining  by  repeated,  methodical  distillation,  which  can  be  very  conveniently  done  by 
means  of  steam,  passing  the  steam  through  the  dense  mass — that  is,  by  means  of  rectifi- 
cation), depends  not  only  on  the  predomination  of  saturated  hydrocarbons  in  the 
former,  and  naphthenes,  C„  H.^n,  in  the  latter,  but  also  on  the  diversity  of  com^wsition  and 
structure  of  the  corresponding  portions  of  the  distillation.  The  products  of  the  Baku 
naphtha  are  richer  in  carbon  (therefore,  in  a  suitably  constructed  lamp  tliey  ought  to  give 
a  brighter  light),  they  are  of  greater  specific  gravity,  and  have  greater  internal  friction 
(and  are  therefore  more  suitable  for  lubricating  machinery)  than  the  American  products 
collected  at  the  same  temperature. 

**  The  formation  of  naphtha  fountains  (which  burst  forth  after  the  higher  clay  strata 
covering  the  layers  of  sand  impregnated  with  naphtha  have  been  bored  through  i  is  with- 
out doubt  caused  by  the  pressure  or  tension  of  the  combustible  hydrocarbon  gu-ses 
which  jtccompany  the  naphtha,  and  are  soluble  in  it  under  pressure.  Sometimes  these 
naphtha  fountains  reach  a  height  of  100  metres — for  instance,  the  fountain  of  18H7,  near 
Baku.  Naphtha  fountuins  generally  act  periodically,  and  their  force  diminishes  with  tlie 
lapse  of  time,  which  might  be  expected,  because  the  gases  which  cause  the  fountains  find 
an  outlet,  and  the  naphtha  issuing  from  the  bore-hole  carries  away  the  sand  which  was 
partially  choking  it  up. 
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above  130°,  and  contain  hydrocarbons  with  C,,  Cm,  C'n,  ic.,  enter  into 
the  composition  of  the  oily  substance,  universally  used  for  lighting, 
called  kerosene  or  photogen  or  photonaphthalene  and  other  names.  The 
specific  gravity  of  kerosene  is  from  0'78  tt.>  084,  and  it  smells  like 
naphtha.  Those  pi-oducta  of  the  distillation  of  naphtha  which  pass  ofl" 
below  130°  and  have  a  specific  gravity  below  0-7&,  enter  into  the  com- 
position of  light  petroleum  (benzoline,  ligroin,  petroleum  npirit,  Jic.) ; 
which  is  used  as  a  solvent  fur  india-rubber,  for  taking  out  greaae  spots^ 
(be.  Those  portions  of  naphtha  (which  can  only  be  distilled  without 
change  by  means  of  superheated  steam,  otherwise  they  are  largely  decom- 
posed) which  boil  above  275°  to  300°  and  have  a  specific  gravity  higher 
than  0'85,  form  an  excellent  oil,''*  safe  as  regards  iu flam m ability  (which 
is  very  important  as  diminislung  the  risks  of  fire),  and  may  be  used 
in  lamps  as  an  efiective  substitute  for  kerosene.^*  Those  portions  of 
naphtha  which  pass  over  at  a  still  higher  temperature  and  have  a  higher 
specific  gravity  than  0'9,  which  are  found  in  abundance  (about  30  p.c.)  in 
the  Baku  naphtha,  make  excellent  lubricating  or  machine  oils.    Naphtha 

M  Tliia  U  »  »o-eallal  intemiadmle  (betwumkerasonB  andlubriL-tttlngoiUI  oil  or  pyro- 
naphl.  LampH  ue  »Jreiidy  lieing  omnnlncturBd  (orboming  il,  but  sliil  roqaim  improre- 
ment.  Above  all,  hmrevec.  it  reqnircB  ■  more  eitenddd  mu-kel,  uid  at  preHcnt  is  likely 
to  want  it  owing  to  Iho  following  tiro  «ift»ona ;  (1}  The  prodnuls  of  the  Americm  petni- 
leiuu,  which  are  the  most  widely  apreod  and  almost  Dnivenaltj  uonsamed,  conluD  but 
little  of  this  intonttediate  oil,  uxd  whut  therv  ia  in  partly  intrtiduced  into  tbe  korossne  and 
IMutly  into  tb<s  lubricating  uila;  (3)  (lie  Baku  naphtha,  which  i»  capable  ol  yieliliiiE  a 
great  deal  (up  to  SO  p.c.)  o(  iutennediate  oil,  la  produced  in  enormona  qaantitieH,  about  ISS 
□ullion  poods  (ISBT),  but  baa  no  regalar  market!  abroad,  and  tor  the  conaumption  in 
Buaaia  (about  iO  millina  pooda  of  kerosene  per  ajinum)  and  tot  the  limited  export 
(W  millions  puoda  per  .anuam)  into  Western  Europe  (b;  the  Trans-CaucaaiaD  Bail- 
way)  tliuse  volatile  aud  more  dangerous  ports  of  the  naphtha  which  enter  into  the  oiniposi- 
tionot  the  American  pvtruleam  are  suffieient,  becauae  Baku  naphtha  yields  aboot  aOp.co( 
anch  kerosene.  For  this  reaaou  pyronapht  ianot  matiufaoturod  in  safDoient  quantities,  and 
the  whole  world  is  consuming  tlie  ansafe  kerosene.  When  a  pipe  line  has  been  laid  from 
Baku  to  the  Blaok  Sea  (in  America  there  ore  many  which  carry  the  raw  naphtha  to  the 
sea-shore,  wliere  it  ia  made  iulo  horoaene  and  other  products}  then  the  whole  maas  ot  the 
Bofca  naphtha  will  lumiali  sate  illuminating  oila,  which,  without  dimbt,  will  find  ao 
immense  application.  A  mirlnre  of  the  intermediate  oil  with  kemiene  or  Baku  oil  lape- 
ciSc  gravity  (I'M  to  0'HG|  may  be  considered  (on  removing  the  benioline)  to  be  the  beat 
illuminating  oil,  beuauae  it  ia  aale  (ftasbing  point  from  10°  to  60°),  cheaper  (Baku  naphtha 
gives  as  much  aa  «0  p.c.  of  Baku  oil),  and  bums  perfectly  well  in  lamps,  diSering 
but  little  from  those  made  for  burning  American  kerosene  (nnaafe,  flashing  point 
30°  to  as"  to  SO"). 

''  The  subatitutiotl  ot  Baku  pjrouaphl,  nt  inUrmediale  oil,  or  Baku  oil  [lee  Note 
5)1),  woald  not  only  be  a  great  advantage  aa  regarda  safety  from  fire,  bat  would  also  be 
highly  economical.  A  ton  |na  poods)  ol  Amorioui  crude  petioteuni  costs  there  at  the 
coast  cnnaidembly  more  than  241.  (13  niublea),  and  yields  two-thirda  of  a  ton  ot 
keToae«ie  tailitble  tor  ordinary  lamps.  A  ton  of  mw  naphtha  in  Bakn  coats  less  than 
4>,  (1  rouble  80  copecka).  and  with  a  pipe  line  to  the  shore  of  the  Black  Sea  would  not 
cost  more  than  S  ronblea.  or  10).  And  a  loo  ot  Baku  naphtha  will  also  yield  aa  much  aa 
Iwo-lhirda  ol  a  ton  ot  keroaenei  Baku  oil,  and  pyronapht  miitable  lor  illuminating 
pUrpo«e«. 
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hM  Dtanj  important  apjilicaCians,  and  the  naphEfaa  indastrj  is  nov  of 
gnat  cotumercial  importance,  eapeciallf  as  naphdia  and  h^  rfduae  maj 
he  vatA  »»  fnd."  Wbetiter  oaphUw  ma  CoRiied  from  orgaoic  matter  is 
TtTj  doabtf  air  aa  h  is  foond  in  tbs  moat  ancient  Slnrisn  strata  whidi 
comspood  with  epodm  at  the  earth's  existence  vben  there  was  little 
organic  matter  :  it  coald  not  penetrate  froin  the  higher  to  the  lower 
Kraca  (more  antnent)  as  it  floats  on  water  (and  water  penjetrates 
through  all  itraU).  It  therefore  tends  to  tiie  to  the  surface  of  thtr  earth, 
and  it  is  alwnjs  foand  in  highlands  parallel  to  the  direction  of  the 
rnountaina.^'*'  It  Li  much  more  probable  that  its  formation  sfaoald  be 
attributed  t«  the  action  of  water,  penetrating  through  the  crevices 
fontied  on  the  mountain  slopes  to  the  heart  of  the  earth,  on  that  ker- 
nel of  heated  metallic  matter  which  must  be  accepted  as  existing  in 
the  interior  of  the  earth.  And  as  meteoric  iron  often  contains  carbon 
(like  cast  iron),  so,  accepting  the  existence  of  sach  carbaretted  iron 
at  unattainable  depths  in  the  interior  of  the  earth,  it  ma;  be  sop- 

'■*  Nkphlbk  liu  be«n  ipptied  to  healing  porpMea  ra  k  laige  (o^  in  BoMia  ailj,  not 
onlj  on  account  ol  Ihe  low  coct  of  iia{>bl)w  and  of  tbe  refiue  from  the  {icepualioa  of 
kcroMme,  but  abo  becaon  tbe  pnidacU  of  all  the  Bakn  naphltia  do  not  find  ao  onllat 
(sr  snirvml  connunption.  Naphtha  itaeU  aod  iu  raiions  reaidocs  tonn  eicellBit  (nel, 
boming  iritlunt  amokt  and  giTUig  a  high  tempenluie  iiteel  and  iron  tna;  be  eaaily 
caallad  m  the  ilamel.  A  bondrcd  poodi  of  good  coal  tfnt  iiutanw,  Don  coal)  OMd  as 
(aal  far  heating  boilcm  are  eqaiial^t  to  36  cnbiE  feel  |aboat  SSO  ponds)  of  dry  wood, 
vblte  only  TO  fioeda  of  naphtha  vill  be  required ;  and,  moreoTer,  there  in  no  need  for 
■bdring.  aa  the  liquid  can  be  readily  and  evenly  iiDpplied  in  the  required  quantity.  The 
•wpomie^  and  other  qneationi  dealing  wHb  American  and  Baku  pebvLenma  hare  been 
■liieniHd  niotB  in  detail  in  aome  sepante  wo^  of  mine  (D.  Hendel^ll) :  (I)  'The 
Naphtha  Indnstry  of  PennayWania  and  the  Cancans,'  1S70 ;  (a)  '  Where  to  Build 
!lat>hthaWoriii,'lSM):  (8|  '  On  the  NafdiUia  Qneation,' ISM;  [*)  'The  Baka  Naphtha 


*■  Aa  during  the  proceu  ol  the  dry  dittillation  of  wood, 
table  lUbrit,  and  aloo  when  fata  are  decompoeed  by  the  actioi 

hydrocarbon*  limiUr  to  thane  of  naphtha  are  formed,  it  wae  mitnnil  that  this  ihonld 
haie  been  turned  to  acronat  to  explain  the  formation  of  the  latter.  But  the  hypotheu* 
of  the  formation  of  naphtha  from  v^etabie  d^briM  inevitably  aaaomea  coal  to  be  the 
rhief  element  of  dpcompoeition,  uid  naphtha  is  met  with  in  PennsyiTaoia  and  Canada,  in 
the  Hilurian  and  Derimian  strata,  which  do  not  contain  coal,  and  corrvapond  to  an  epoch 
not  abnundinK  in  organic  matter.  Coal  was  formed  from  the  TeRBtable  dibrit  oi  the 
CMboniferoua,  Jnraeaic,  nod  other  recent  strata,  but,  Judging  from  the  composition  and 
Mrnetare,  it  wae  vnbjecbjd  to  the  same  decomposition  as  peat;  neither  conld  liquid 
hydrooarbone  hare  been  formed  to  inch  an  eitent  as  we  see  in  naphtha.  If  we  aseribe 
the  dniration  of  naphtha  to  tbe  decompoHitiou  of  (at  (adipose,  B.niiiial  fat),  we  encounter 
three  almont  iDHUperabte  difficulties;  {!)  Animal  remains  would  furnish  a  great  deal  of 
nitrogeDou*  matter,  whilit  there  is  bat  very  little  in  naphtha  ;  <SI  the  cDonnDBi 
qOanlily  of  iiaphllia  already  dincoiered  u  compared  with  the  inngnificaul  amount  of  fat 
In  thu  animal  cuoaae ;  (HI  the  sonrcea  of  naphtha  always  nmning  panUlel  to  monntsin 
ohaina  is  completely  inexplicable.  Being  struck  with  this  laet-meationed  cireumBtaiuH 
in  Ponniylrauia,  and  finding  tliat  the  sources  in  the  Cancaius  surround  the  whole 
Cauoaaian  range  (Baku,  Tiflik,  Qooria,  Konhan,  Tuniin,  Gniznoe,  Dageatan),  J  developed 
in  IDTH  the  bypolheais  of  the  miueral  nrigin  of  naphtha  eipoDnded  forlli 
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posed  that  oaphthn  wae  produced  liy  the  action  of  water  penetrntiDg 
through  thf  crevices  of  the  strata  during  the  upheaval  of  mountain 
chainB,'"  because  water  with  iron  carbide  ought  to  give  iron  oxide 
and  hydrocarbons.''*  Direct  experiment  proves  that  the  so-called 
apiegrleisen  (niangnniferoua  iron,  rich  in  chemically -combined  car- 
bon) when  treated  with  acids  gives   liquid  hydrocarbons,"^  which   in 

"  During  thu  nphenviil  ot  Rioantain  ruiges  crerosxeB  would  be  fnrmed  at  the  pealu 
with  openingB  apwarda,  and  at  the  foot  of  the  moont&inii  witli  oprninga  downwitrdl. 
These  cracliB  in  connte  of  time  fill  up,  bnt  the  yODnger  the  mountains  (the  Allegbuir 
moaatains  are,  without  doubt,  more  recent:  thef  were  fomied  during  the  tertiary  epoob) 
the  [ceaher  tlie  cracka  ;  through  them  water  moat  gain  occeu  deep  into  the  reauwes  ot 
the  earth  to  an  extent  that  could  not  oceal  on  the  lerel  (on  plkiis).  The  aitufttion  ot 
najititha  al  the  foot  of  mouiituti  ehftina  ia  the  prinoipal  argument  in  my  faypolheaiB, 

Another  fnodiuuental  nuMwn  i*  the  eouaideratiou  of  the  mean  deneity  of  the  earth. 
CtTendiah,  Airy,  Coruu,  and  many  othurB  who  hare  invealigaled  the  aubjeol  by  rarioDi 
methoda,  found  that,  Inking  wiil«i  - 1,  the  mean' density  of  the  earth  in  nearly  fi-S,  Aa. 
at  the  surface  wu(«r  and  nil  rocks  (sand,  clay,  limestone,  gronita,  &q.)  have  a  deositjr  loH 
than  t,  it  ia  evident  (bh  solid  substances  are  bat  slightly  oomprcBSible  even  imder  the 
greateat  preasure)  that  inside  the  earth  there  are  subattuices  of  a  greater  density — 
namely,  not  leiui  than  T  or  H.  What  conclusion  can  then  be  arrived  at  ?  Something 
heavy  contained  in  tlie  bosom  of  the  earth  must  be  scattered  not  only  on  its  surface,  bat 
in  the  whole  solar  system,  because  everything  tends  to  show  that  the  sun  and  plkneta 
proceed  ftinu  the  same  material,  and,  according  to  the  hypothesis  of  Laplace  and  Kant, 
it  is  meet  probable,  and  even  ought  Ui  be  held,  that  Che  earth  and  planets  are  but  frag- 
ments of  the  solar  atmosphere  which  have  had  time  to  cool  considerably  and  become 
masses  semi'liquid  inside  and  solid  outside,  forming  pUnets  and  satellite!.  The  aon, 
amongst  other  heavy  elements,  containa  A  great  deal  of  iron,  as  shown  by  specbunt 
analysis.  There  is  also  much  of  it  in  au  oxidjaed  condition  on  the  snrtace  of  the  earth. 
Heteoric  stones,  carried  as  Fragmeuti  ot  the  planets  in  the  solar  system  and  sometimea 
falling  upon  the  earth,  consisting  of  siliceous  rocks  similar  to  terrestrial  ones,  often  con- 
tun  either  dense  massoB  of  iron  (for  example,  the  Pallosovo  iron  preserved  io  the  St. 
Petersbarg  Academy  of  Scienoea)  or  granalar  maaseB  (for  instance,  Uie  Okliansk  meteo- 
rite ot  IBSU).  For  this  reason  it  is  posBilile  that  tha  interior  of  thu  earth  contains  much 
iron  in  a  metallic  stale.  This  might  be  expected  from  the  hypothesis  of  Ijiplace,  for 
the  iron  umat  have  been  compressed  into  a  liquid  at  that  period  when  the  other  com- 
ponent parts  of  the  earth  were  still  strongly  heated,  and  oxides  of  iron  could  not  yel  ba 
formed.  The  iron  was  covered  with  slags  (mixtores  of  silicates,  like  glass  fused 
loeether  with  rooky  matter),  which  did  not  allow  it  to  bum  at  the  expense  of  the  oxygen 
ot  the  ntmoHphere  aud  water,  just  at  that  time  when  the  temperature  ot  the  earth  waa 
very  high.  Carbon  waa  in  the  aame  state ;  i la  oxides  were  also  capable  ot  di 
(Derille) ;  it  in  also  but  slightly  volatile,  and  has  an  aiflnity  lor  iron,  and  iron 
found  in  meCeorio  stones.  On  this  account  the  suppnsilJon  of  the  exiateni 
oarbides  in  the  inteiior  of  the  earth  wae  drawn  by  me  from  many  indication 
which  are  confirmed  by  the  fact  that  granular  piece*  of  iron  have  been  fouB 


wellai 


°*  The  following  is  Iho  typical  equation  for  this  formation  : 

HFH„C„-H„e.jO-mFejO.  (magnetic  oxide)  +Cs.H,„. 

'*  Cloei  inveatigated  tbu  hydrocarbons  formed  when  cast-iron  i*  dissolved  in  hydro- 
chloric ai^id,  and  found  CgH,K  and  others.  I  treated  crystalline  manganilerons  cast-iron 
vith  the  same  acid,  and  obtaiued  a  liquid  mixture  ot  hydrocarbons  exactly  similar  to 
natural  naphtha  in  taste.  uneU,  and  reaction.  The  occurrence  of  iron  with  carbon  during 
the  formation  of  the  earth  is  all  the  more  probable  becaaae  those  elements  predi 
in  natnre  which  have  small  atomic  weights,  and  among  them  the  moat  widely-dillusvl^ 
the  most  diflicullly-fusible,  aud  tbcretoie  the  most  casili-condonaBd  (Chap.  XV.)m»' 
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only  in  Bonie  «iee»  wore  tlie  CDiiditionn  fnvonntble  to  ite  bcinii  prewrvod  midergroimd. 
The  wnter  pBDHtrating  balon  formed  there  a  niiitnrH  of  implith*  ami  watery  Tupoiin, 
nnit  thin  mirtora  iaeued  Ihrongh  Qasures  to  llie  cold  pftrts  of  tbu  mrth's  ernst,  Tha 
■Mpbthu  vnpoars,  on  condenriug,  tonued  nkphtba,  which,  i(  there  were  no  Dbstaclai, 
Hppaiired  on  the  enrface  of  land  and  water.  Here  part  □(  it  soaked  tbrouRli  rannationB 
(perhapn  the  bitnndnoue  alatee,  Bchi«t«,doinitea,  ic,  were  thus  formed),  another  part 
wia  curried  avay  on  the  water,  beciune  oiidised,  evapomted,  and  wan  driven  to  the 
■horee  (the  CaacaBian  naphtha  i)rnbably  In  this  nay,  dnriiig  the  exi«tence  of  the  Aralo- 
Caapian  eea,  was  carried  aa  far  oa  (he  Siaran  banka  of  the  Volga,  where  many  BtiatA  are 
impreKnalAd  witli  naphtha  and  prodocta  of  ita  oiidation  reaembling  asphalt  and  pitch) ; 
a  great  part  of  it  wae  burnt  in  one  way  or  another— that  is,  given  carbonie  nnliydride  and 
If  the  miitQre  of  Tapoorn,  water,  uud  iiuphtha  formed  inaide  the  earth  had  no 


free  outlet  l«  the  anriac 
mperior  and  colder  atrata,  and  th 
whioh  ilo  not  absorb  naphtha  w 
mad,  which  we  alio  now  obwrva 
All  the  Buhnrba  of  Bakn  and  [be 
naphtha  diatricta  are  full  of  aneh 
lu  old  naphtha  beda  (aach  aa  the 
the  mad  volcanuea 


artheh 

ra  become  eondennad.  Soi 
re  only  waalied  away  by  t 
taauing  from  the  earth  in 
•rhole  of  the  Cnacacna  in 
olcanoes,  atill  from  time  to 
'ennaylvanian)  even  tbew  blow-holes  are  cloeed,  and 
aruhed  away.    The  naphtha  and 


.y  throngh  flsauiee  to  the 
e  of  the  lormationa  (cUjb) 
e  warm  water,  and  foxnied 
he  lorra  of  mud  (-olcanoee. 
.he  neighbouihoiiil  ol  the 


bydrooarbonii  formed  with  it  under  tlie  preeaure  ol  the  overlying  earth  and  w 
progaated  the  layers  of  sand,  which  are  capable  of  abaorbiug  a  great  qnautity  □(  anoh 
liquid,  and  if  above  this  there  were  strata  iiapermeable  to  naphtha  Idenae,  tlajey,  damp 
etrnts)  the  naphtha  would  acvamulate  iti  them.  It  la  thus  preaerred  from  remote  geo- 
logica!  perioda  up  to  the  preaent  day,  compreaaed  and  diaaolved  nuder  the  preaanre  of 
the  gaaee  whieh  bunt  out  in  plaoea  tonniag  naphtha  fountaiiia.  It  this  be  granted,  it 
may  be  thonght  that  in  the  comparatively  new  Igeulogically  apeaking)  mountain  ch^ni, 
such  ae  Che  CaQoaian.  naphtha  ia  even  now  being  formed,  Snch  a  aopposition 
may  explain  the  remarkable  tact  that,  in  Pennsylvania,  localities  where  na))htha  had 
been  rapidly  worked  for  Hve  years  have  become  exhanetod,  and  it  becomes  neceeaary  to 
conatiuitly  have  reouurne  to  aiuking  new  wells  in  freah  places.  Thus,  from  the  year  1B60, 
the  workings  were  gradutilly  tranaferred  along  a  hue  rooamg  parallel  to  the  Alh^ban; 
moaiitaJna  for  a  diatauce  of  more  (bun  300  miles,  whilst  in  Baku  the  industry  datsi 
from  time  immemorial  (the  Persians  worked  near  the  village  of  Ballaghana)  and  np  to  Ihe 
present  time  keeps  to  one  and  the  aame  place.  The  amounts  of  the  Penusylvaiiian  and 
Baku  annual  outputs  are  at  prewnt  equal— namely,  about  ISO  million  poods  t3i  million 
tons).  It  may  be  that  the  Baku  beds,  aa  being  of  more  recent  geological  formation,  an 
not  so  eihaoBted  by  nature  ai  thow  of  Pennaylvania,  and  perhajis  in  the  neighbourhood 
of  Baka  naphtha  ia  still  being  formed,  which  is  partially  Indicated  by  the  eontinned 
octlvily  of  the  mad  volcanoes.  As  many  varieties  of  naphtha  contain  in  aololiou  solid, 
■lightly  volatile  hydrocKrbons  like  parafSn  and  mineral  wax,  the  production  of  oxooerile, 

Orjtcerite  is  found  in  Qalicia,  also  in  the  neighbourhood  of  Xovorossiak,  in  tlie  Cauouns, 
uud  on  the  ialands  ol  the  Caapian  Sea  (particularly  in  the  Chileken  and  Holy  lalanda) ; 
it  is  met  with  in  large  waaaea,  and  is  used  for  the  production  ol  paraffin  and  ceretent, 
for  tlie  manufacture  of  candlea,  and  similar  pnrposes. 

Ae  the  naphtha  treasure!  of  tlie  Caucaeua  are  hardly  broached  (near  Baku  and  near 
Kimban  and  Movoroasisk),  and  us  naphtha  finds  manifold  uaea.  the  sabject  presents 
mmt  interesting  features  to  chcmiata  and  goologiata,  and  is  worthy  oF  the  chiae  atten- 
tion of  practical  men. 
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Carbonic  anhydride  (or  carbonic  acid  or  carbon  dioxide,    CO,)   ■ 
the  first  of  nil  gasea  distinguished  from  atnioepheric  air.     Paracelsus. 1 
and    Van  Helmont,  in  the  sixteenth  century,  knew  that  on  heating  I 
limestone  a  particular  gas  separated,  which  is  also  formed  during  the' J 
alcoholic  fermentation   of  saccharine  solutions    (for   instance,  in  tlie  I 
manufacture  of  wine) ;  they  knew  tliat  it  was  identical  with  the  gas 
which  is  produced  by  the  combustion  of  charcoal,  and  that  in  some 
cases  it  is  found  in  nature.     In  course  of  time  it  was  found  that  this 
gfts  is  absorbed  by  alkali  and  satui-ates  it.  funning  a  salt  which,  under 
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to  Q0„  /OTTning  iniatiiiih]  turpper,    Tha  potjuh  In 
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roiuimitJaD  of  ouboulir  uihjilrfale  uil  lb«  equtnlent  ol  Durban  dik,  bg  ilrMnnliit:!. 

the  action  of  acid,  again  yields  this  same  gas.  Priestley  found  that 
this  gas  eicists  in  air,  and  Lavoisier  determined  its  fonnation  during 
respiration,  combustion,  jtutref action,  and  during  the  reduction  of 
metals  by  charcoal  ;  he  determined  its  composition,  and  showed  that  it 
only  contains  oxygen  and  carbon.  Berzelius,  llumas  with  Stas,  and 
BoBCoe,  determined  its  composition,  showing  that  it  contains  twelve 
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parts  of  carbon  to  thirty-two  of  oxygen.  Tlie  composition  by  volume 
of  this  gas  is  dptennined  from  tlie  fact  tliat  during  the  combustion  of 
charcoal  in  oxygen,  tlio  volume  remains  unchanged ;  that  is  to  say, 
earbonie  aniiydride  orcupiea  the  aaine  vohnne  an  the  oxygen  which  it 
fonfai'iui— that  is,  the  atoms  of  the  carbon  are,  SO  to  apeak,  squeezed  in 
between  the  atoms  of  the  oxygen.  O,  ixicupies  two  volumas  and  is  a, 
molecule  of  ordinary  oxygen  ;  CO,  likewise  occupies  two  volumes,  and 
expresses  the  composition  and  molecular  weight  of  the  gas.  Carbonic 
anhydride  exists  i»  nnture,  botli  in  a  free  state  and  in  the  most  varied 
compounds.  In  a  free  state  it  Ls  always  contained  (Chap  V.)  in  the 
air,  and  in  solution  is  in  all  kinds  of  wat-er.  It  is  evolve<i  from  vol- 
canoes, from  mountain  fissures,  and  in  some  caves.  The  well  known 
Dog  grotto,  near  Agnimo  on  the  bay  of  Baitr,  near  Naples,  is  the 
best  known  example  of  such  an  evolution.  Similar  sources  of  carbonic 
anhydride  are  also  found  in  other  places.  In  France,  for  instance, 
there  is  a  well-known  poisonous  fountain  in  Auvergiie.  It  is  a  round 
hole,  surrounded  with  luxurious  vegetation  and  constantly  eviilving 
carbonic  anhydride.  In  the  woods  surroanding  the  Lacher  See,  near 
the  Rhine,  in  the  neighbourhood  of  extinct  volcanoes,  there  is  a  de- 
pression constantly  (illed  with  this  same  gas.  The  insects  which  fly  to 
this  place  perish,  animals  being  unable  to  breathe  this  gaa.  The  birds 
chcLsing  the  insects  also  die,  and  this  is  turned  to  profit  by  the  looal 
peasantry.  Many  mineral  springs  carry  into  the  air  enormous  quan- 
tities of  this  gas.  Vichy  in  France,  Spnidel  in  Germany,  and  Narzan 
in  Russia  (in  Ki.slovodsk  near  Piatigorsk)  are  known  for  their  car- 
bonated gaseous  waters.  MucJi  of  this  gas  is  also  evolved  in  minea, 
cellars,  diggings,  and  wells.  For  this  reason  sometimes  people  descend- 
ing into  such  places  are  suflTocated  and  die.  The  evolution  of  carbonic 
anhydride  in  the  earth  is  accounted  for  by  the  slow  oxidation  of 
organic  matter  underground.  The  combustion,  putrefaction,  and  fer- 
mentation of  organic  substances  give  rise  to  the  formation  of  carbonic 
anhydride.  It  is  also  introduced  into  the  atmosphere  during  the  respi- 
ration of  animals  at  all  times  and  during  the  respiration  of  plants 
in  darkness  and  also  during  their  growth.  "Very  simple  experiments 
prove  the  formation  of  carbonic  anhydride  under  these  circumstances  ; 
thus,  for  e.vaniple,  if  the  air  expelled  from  the  lungs  be  passed 
through  a  glass  tube  into  a  transparent  solution  of  lime  (or  baryta) 
in  water  a  white  precipitate  will  soon  be  formed  which  contiiina  an 
insoluble  coniptound  of  lime  and  carbonic  anhydride.  If  a  funnel 
be  held  over  a  substance  in  a  state  of  combustion — for  instance, 
\  lighted  candle  or  brazier — and  the  air  be  collected  from  it 
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aspirator,  the  presence  of  a  large  amount  of  carbonic 
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anhydride  in  this  air  may  be  detected  by  its  action  on  lime  water. 
By  allowing  the  seeds  of  plants  to  grow  under  a  bell  jar,  or  in  a 
closed  vessel,  the  formation  of  carbonic  anhydride  may  be  similarly 
confirmed.  By  forcing  an  animal,  for  instance  a  mouse,  to  remain 
under  a  bell  jar,  the  quantity  of  carbonic  acid  which  it  evolves  may 
be  exactly  determined,  and  it  will  be  found  to  be  many  grams  per  day 
for  a  mouse.  Such  experiments  on  the  respiration  of  animals  have 
been  also  made  with  great  exactitude  with  large  animals,  such  as 
men,  bulls,  sheep,  <fec.  By  means  of  enormous  hermetically -closed  bell 
receivers  and  the  analysis  of  the  gases  evolved  during  respiration  it 
was  found  that  a  man  expels  about  900  grams  (more  than  two 
pounds)  of  carbonic  anhydride  per  diem,  and  absorbs  during  this  time 
700  grams  of  oxygen.^     It  must  be  remarked  that  the  carbonic  anhy- 

'  The  quantity  of  carbonic  acid  gas  exhaled  by  a  man  during  the  twenty-four  hours 
is  not  evenly  distributed ;  during  the  night  more  oxygen  is  taken  in  than  during  the 
day  (by  night,  in  twelve  hours,  about  450  grams),  and  more  carbonic  anhydride  is  sepa- 
rated by  day  than  during  night-time  and  repose ;  thus,  of  the  900  grams  separated 
during  the  twenty-four  hours  about  875  are  given  out  during  the  night  and  525  by  day. 
This  depends  on  the  separation  of  carbonic  anhydride  during  any  kind  of  work  per- 
foniK'd  by  the  man.  During  the  day-time  his  activity  in  many  respects  is  comparatively 
greater  than  by  night.  Every  movement  is  the  result  of  some  change  of  matter,  because 
force  cannot  be  produced  by  itself  (in  accordance  with  the  law  of  the  conservation  of 
energy).  Proportionally  to  the  amount  of  carbon  consumed  an  amount  of  force  is  stored 
up  in  the  organism  and  is  consumed  in  the  various  movements  performed  by  animals. 
This  is  proved  by  the  fa<;t  that  during  work-time,  in  twelve  hours,  a  man  exhales  900 
grams  of  carbonic  anhydride  instead  of  525,  absorbing  the  same  amount  of  oxygen  as 
before.  In  a  working  day  a  man  exhales  by  night  almost  the  same  amount  of  carbonic 
anhydride  as  in  a  day  of  rest,  so  that  during  a  total  twenty-four  hours'  work  a  man 
exhales  about  1800  grams  of  carbonic  anhydride  and  absorbs  about  950  grams  of 
(  xygen.  Therefore  in  work  the  change  of  matter  increases.  The  carbon  expended  on  the 
work  is  obtained  from  the  food ;  on  this  account  the  food  of  animals  ought  certainly  to 
contain  carbonaceous  substances  capable  of  dissolving  under  the  action  of  the  digestive 
fluids,  and  of  [)aKsing  into  the  blood,  or,  in  other  words,  capable  of  being  digested.  Such 
food  for  niftn  and  all  other  animals  is  formed  of  vegetable  matter,  or  of  parts  of  other 
animals.  The  latter  in  every  case  obtain  their  carbonaceous  matter  from  plants,  in 
which  it  is  formed  by  the  separation  of  the  carbon  from  the  carbonic  anhydride  taken  up 
during  the  day  by  the  respiration  of  the  plants.  The  green  parts  of  plants  during  the 
day  absorl)  the  carbonic  anhydride  of  the  air,  and  find  it  ample  notwithstiuiding  the 
small  proportion  of  it  in  the  air,  and  give  out  oxygen.  The  volume  of  the  oxygen  exhaled 
is  ahnost  ecjual  to  the  volume  of  the  carbonic  anhydride  absorbed ;  that  is  to  say,  nearly 
all  the  oxygen  entering  into  the  plant  in  the  form  of  carbonic  anhydride  is  separated  in 
a  free  state,  whilst  the  carbon  from  the  carbonic  anhydride  remains  in  the  plant.  At 
the  same  time,  the  plant  absorbs  moisture  by  its  leaves  and  roots.  By  a  process  which 
is  unknown  to  us,  this  abs<irbed  moisture  and  carbon  remaining  from  the  carbonic  acid 
enter  into  the  composition  of  the  plants  in  the  form  of  so-called  carbohydrates,  com- 
posing the  greater  part  of  the  vegetable  tissues,  starch  and  cellulose  of  the  composition 
C'tiHioO^  being  representaiives  of  them.  We  may  represent  their  composition  as  a  com- 
pound of  carbon  remaining  from  carbonic  acid  and  water,  6C  +  5H.,,0.  In  this  way  a 
cirritlation  of  the  carbon  goes  on  in  nature  by  means  of  vegetable  and  animal  organismsy 
in  which  changes  the  principal  item  is  the  carbonic  anhydride  of  the  air. 
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(trideof  the  air  constitutes  the  fundamental  food  of  plants  (Chaps.  111., 
v.,  and  VIIT.).  Carbonic  anhydride,  in  »  state  of  cum  hi  nation  with 
most  varied  substances,  is  perhaps  even  more  widely  diffused  in  nature 
than  in  a  free  slate.  Some  of  these  substances  are  vei^  stable, 
and  form  a  Inrge  portion  of  the  earth's  crust.  In  this  state  carbonic 
anhydride  enters  into  the  composition  of  limestones  Limestones, 
calcium  carbonate  CaCO;,,  were  formed  as  precipitates  in  the  seas 
existing  previously  on  the  earth  ;  this  is  pi'oved  by  their  stratified 
structure  and  the  number  of  remains  of  sea  animals  which  they 
frequently  contain.  It  may  be  concluded,  judging  from  the  enormous 
quantity  of  these  limestones,  that  the  amount  of  carbon  in  the  form  of 
carbonic  anhydride  in  the  atmosphere  was  in  former  periods  mucli 
greater  than  at  present.  Chalk,  lithographic  stone,  limestone,  marls  (a 
mixture  of  limestone  and  clay),  and  many  other  rocks  are  examples  of 
such  sedimentary  foi' (nations.  Carbonates  with  various  other  bases — 
such  as,  for  instance,  magnesia,  ferrous  oxide,  Kinc  oxide,  ic. — are 
often  found  in  nature.  The  shells  of  molluscs  have  also  the  composi- 
tion CaCOj,  and  many  limestones  were  exclusively  formed  from  the 
shells  of  minute  organisms. 

For  the  preparation  of  carbonic  aiihi/dritle  in  luboratories  and 
often  in  manufactories,  various  kinds  of  calcium  carbonate  are  used, 
being  treated  with  some  acid  ;  it  is,  however,  most  usual  to  employ 
the  so-called  muriatic  acid — that  is,  an  aqueous  solution  of  hydro- 
chloric acid,  HCI — because,  in  tbe  Brst  place,  the  substance  formed, 
calcium  chloride,  CaClj,  is  soluble  in  water  and  does  not  hinder  the 
further  action  of  the  acid  on  the  calcium  carbonate,  and  secondly 
because,  as  we  shall  see  further  on,  muriatic  acid  is  a  common  pi'oduct 
of  chemical  works  and  one  of  the  cheapest.  For  calcium  carbonate, 
either  limest<.ine,  chalk,  or  marble  is  used.'' 

CaCO,  4- 2HCl=CaCl3 -I- HjO -I- COj. 

'  Other  Kids  may  bo  a«i?d  iOBtead  of  hydroohlotip;  toi  inninBee,  urptic.  or  even 
Bulphurir,  iLlthoagb  thiu  latter  is  not  saitable,  becaaBe  it  foniu  as  it  prodact  inwlublD 
dulcium  snlpbtte  (gypsum)  surroiuidiiig  tbe  untouched  cilciom  oarbDnate,  wod  thua  pte- 
Tenting  a  Inither  evolatiDn  of  |^b.  But  if  porous  limestone — for  iostaiice,  chalk — be 
treated  with  Bnlpbnric  acid  diluted  Ttth  sji  equal  valuiue  oF  water,  the  latter  is  absorbed, 
and,  ncttug  ou  the  uuibs  oI  the  sAlt,  the  evolution  of  carbonic  anhydride  continues  svenlf 
lor  a  long  time.  Instead  ol  calcium  carbonate,  other  carbonatea  may  oi  uaurse  be  used ; 
for  instance,  VBsbing-EodaKagCO.i,  vhioh  iaoften  chosen  Kbeii  it  is  required  to  prodncea 
rapid  stream  of  carbonic  anhydride  (for  example,  lor  liquefying  it}.  Bnt  natural  cryitt«]- 
line  magnesiam  oarbonato  and  simUttc  salts  are  with  difBcully  deeomposcd  by  hydro- 
chloric and  sulphuric  acids.  When  tor  manufacturing  purposes— lor  iustauce,  in  pre- 
cipitating luae  in  augar-works— «.  largo  quantity  of  carbooio  iwid  gas  is  requirtid: 
genemlly  charcoal  is  burnt,  and  the  prodacts  of  combastion,  rich  in  carUuaic  anhydride, 
are  pumped  into  the  liqoid  containing  the  Urns,  and   the  ctubonio  anhydride  is  thua 
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The  nature  of  the  reaction 
position  of  nitre  by  sdph 


1   this 


I  the  a 


in  the  deciim-  ] 
only  in  the  latt«r  case  a  hydrate  ii 
formed,  but  in   the  former  an   anhydride  of   the   acid,    because   tha  % 
hydrate,  carbonic-  acid,  H^CO,,  is  unstable  and,  as  soon  as  it  spparatea,  j 
deconiposes  into  water  and  its  own  anhydride.     It  in  evident  from  tha  ] 
explanation  of  the  cause  of  the  action  of  sulphuric  acid  on  nitre  that 
not  every  acid   can  be  employed   for  obtaining  carbonic  anhydride  ; 
namely,  those  will  not  set  it  free  which  chemically  are  but  slightly 
energetic,  or  those  which  are  insoluble  in  water,  or  are  themselves  aa 
volatile  as  carbonic  anhydride.'     But  as  almost  all  the  known  acidl  ■ 
are  characterised  by  their  great  solubility  in  water  and  are  less  volatile,  j 
than  carlxinic  anhydride,  the  latter  is  evolved  by  the  action  of  mort  4 
acids  on  its  salts,  and  this  reaction  takes  place  at  ordinary  tempera-  f 
tures,  provided  the  acid  be  soluble  in  water  and  that  the  calcium  s^t  i| 
formed  is  also  soluble  in  water.' 

For  the  pr'ei>aration  of  carbonic  anhydride  in  laboratories  marble  is 
generally  used.  It  is  placed  in  a  Woulfe's  bottle  and  treated  with  hydro- 
chloric acid  in  an  apparatus  similar  to  the  one  used  for  the  production 
of  hydrogen.  The  gas  evolved  carries  away  through  the  tube  part  oi 
the  volatile  hydrochloric  acid,  and  it  is  therefore  necessary  to  wash  the  f 
gas  by  passing  it  through  another  Woulfe's  buttle  containing  water.     UM 

absorbed.      Another  meLhod   is  also  pracUsed,  wbicb   conBiiits  in  niiing  tbe  coxbonki. -I 
anhydride  lepaiated  daring  fpnnentation,  or  Ibat  evolved  (roia  Ume-kilnB.     D 
ternientation  of    Bveel-nan,  ^ape-juice,  and  otbec  niiuibir  sitcvhiirine  solations,  tha] 
Klncose  CuU|,Ob  changeii  nnder  Ibe  inllnence  oT  the  jeut  ocx^niam,  farming  aloohota 
(2CiHbO)  and  carbonic  anhydride  (iiCO.,),  wbidi  wpanteB  in  Ihti  form  uf  gta;  J  U 
tarmenCation  proceeds  in  closed  bottles  sparkling  winu  is  obtainiKl.      When  carboD 
uid  gaa  ia  prepared  for  naturating  water  and  otbtir  beTerageB  il  is  uecHsar;  to  uas 
in  a  pnre  stuto.    Whilst  in  tha  state  in  wbicJi  it  is  evolved  from  ordiniu]' limeslonsB  1^-1 
the  aid   of  acids   it  coutaiiiH,  tHsaidaa  a  certain  ijoantity  of  acid,  the  urgani' 
of  Ibtj  limeBtcne;   in  order  to  diminish  tlie  quantity  of  these  subHtanwa  tb 
kinda  of  dolomites  are  used,  vhich  contain  less  organic  matter,  and  tbe  gi 
is  passed  through  carious  waehinK  apparatuii,  and  then  throush  a  solution  of  pata»-  I 
sium    permanganate,   which  j^sorbs  organic  matt«r  and  does  not  take  up  <Arbolllo   T 

'  Ujpochlorous  acid,  HCIO,  and  its  anhydride,  CL,.0.  do  not  displace  carbonic  acid,  aod 
bydmgen  imlfihide  has  the  same  relation  to  oarbonic  acid  as  nitric  aoid  to  hydrochloric-^ 
HI)  excess  of  either  one  displaces  tha  other. 

*  Tbna,  in   preparing  the   ordinary  effervescing  powders,  eodinm  LicarbotMla  (OC 
■cid  carbonate  of  soda)  is  used,  and  mixed  witli  pondered  cilrici  or  tartaric  acid,     la  t,M 
dry  state  these  powders  do  not  evolve  carbonic  anhydride.butwbun  mined  witli  W4 
violation  takes  place  briakly,  which  ia  doe  to  the  substance  passing  into  solutioi 
sails  lit  carbonic  acid  may  be  i«c<igniBed  from  the  fact  that  they  evulve  carboi 
with  a  hissing  noise  when  treated  with  acids.     If  vinegar,  which  contains  acetic  acid,  tel 
poured  upon  limestone,  marble,  malachite  {contains  copper  carbonalv),  ka., 
anhydride  is  evolved  with  a  hissing  noise.     It  is  necesssfy  to  remark  tliat  vrithont  tl 
presenite  of  water  neither  hydrochloric  add,  nor  even  sulphuric  add  nor  acetic  acid,  i 
on  limestone.     We  shall  refer  to  this  hereafter. 
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it  be  necessary  to  obtain  dry  carbonic  anhydride,  it  must  lip 
through  chloride  of  calcium.'' 

Carbonic  anhydride  may  alau  be  prepared  by  heating  many  of  the 
salts  of  carbonic  acid  ;  for  instance,  by  heating  magneBium  carbonate, 
MgCO^  (in  dolomite),  the  separation  is  easily  effected,  particularly  in  the 
presence  of  the  vapours  of  water.  The  ncid  salts  of  carbonic  acid  (see 
further  on)  readily  gi%-e  much  carbonic  anhydride  when  heated. 
Carbonic  anhydride,  together  with  water,  is  produced  during  the  com- 
bustion of  all  organic  compounds  in  a  stream  of  oxygen  or  by  heating 
them  with  substances  which  i-eatJily  part  with  oxygen  to  them^ — -for 
instance,  with  copper  oxide,  potassiain  chlorate  (readily  causing  an 
explosion),  itc. 


The  method  of  estimating  the  amount  of  carbon  in  organic  com- 
pounds is  founded  on  this  property.  For  this  purpose  a^lass  tube,  closed 
at  one  end,  is  filled  with  a.  mixture  of  the  organic  substance  (alwut  0-2 
grains)  and  copijer  oxide.     The  open  end  of  the  tube  is  fitted  with  a 

*  Hie  dicwt  oWrvalioQB  mule  (1870)  by  HesUTB.  Bogouaki  and  Ea; ander  Isnd  to  the 
oodcIubIod  that  the  c|unntity  of  catboaio  uibydride  evcilved  b;  the  iKtiaa  ot  xiidi  on 
nwrble  (w  homogeDeoua  a.s  posiiible)  it  dinwtly  proportional  to  the  time  of  iietioii,  the 
Bitont  of  (urtikce.  and  the  degree  of  ooncentntion  of  the  acid,  and  iurorsely  proportiantl 
to  the  moleculiu  weight  of  the  acid.  If  the  BUrface  ot  a  jiieee  ot  Carrara  marble  be  eqtutl 
to  iipe  decimetPe,  the  time  of  action  oue  minute,  and  one  cubic  decimelro  or  litre  «ml»iiu 
one  ipKiii  of  bydiochloric  acid,  then  about  DOS  gram  ot  carbonic  nnhydride  will  Iw 
evoWed.  If  the  litre  contains  ii  gruna  of  hydroohloric  acid,  (hen  by  experiment  the 
amoont  will  lie  nxO*Oit  of  corbonii;  anbydride.  Therefore,  it  the  litre  oontiuiKi  8t'( 
{••HCI)  gmnia,  about  D'73  gnunn  ot  carbonic  anhydride  (tbout  hail  t  litre)  would  be 
evolved  per  minute.  If  nitric  acid  or  hydrobromio  add  be  mied  inaCead  ot  hydrochlorio, 
then,  witli  n  combining  proportion  ot  the  acid,  the  wme  quantity  ot  carbonic  anhydride 
irillbeevnWed;  thua.il  the  litre  contains  Its  (^HN'Os)  Hrune  ot  nitric  acid, or  Htf^HBr) 
grama  of  hydrobromic  aoid,  the  quantity  o(  carbonic  anhydride  oTolved  irill  atill  b* 
078  gmni. 
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cork  and  tube  containing  calcium   chloride,  for  absorbing  the  wat«r 
formed  by  the  oxidation  of  the  substance.     This  tu1)e  is  hermetically    i 
connected  (by  &  caoutchouc  tube)  with  potash  bulbs  or  other  weighing 
apparatus  (Chap.  V.)  containing  alkali  destined  to  absorb  the  carbonic 
anhydride.     The  increase  in  weight  of  this  apparatus  shows  the  amount   . 
of  carbonic  anhydride  formed  during   tho   combustion  of  the   given    i 
substance,  and  the  quantity  of  carbon  may  be  determined  from  this, 
because  three  parts  of  carbon  give  eleven  parts  of  carbonic  anhydride. 

Carbonic  anhydride  is  colourless,  has  a  slight  smell  and  a  feeble 
acid  taste  ;  its  density  in  a  gaseous  state  is  twenty-two  times  greater 
than  that  of  hydrogen,  because  its  molecular  weight  is  forty-foor.* 
It  is  an  example  of  those  gaseous  8ul>stances  which  have  been 
long  ago  transformed  into  all  the  three  states.  In  order  to  obtain 
liquid  carbonic  anhydride,  the  gas  must  be  submitted  to  a  pres- 
sure of  thirty-six  atmosphere-s  at  0°.'  Its  absolute  boiling  point 
^  -f  32°.*  Liquid  carbonic  anhydride  is  colourless,  does  not  mix  with 
water,  but  is  soluble  in  alcohol,  ether,  and  oils  ;  at  ()"  its  specific  gravity 
is  0'83.  When  poured  into  a  tube,  which  ia  then  sealed  up,  liquid 
carbonic  anhydride  is  easily  preserved,  because  a  thick  tube  easily 
resists  the  pre-ssure  whicli  the  li<iuid  entails  at  an  ordinary  temperature — 
namely,  about  fifty  atmospheres.  The  boiling  point  of  this  liquid  lies 
at— 80°— that  is  to  say,  the  pressure  of  carbonic  acid  gas  at  that 
temperature  does  not  exceed  that  of  the  atmosphere.  At  the  ordinary 
temperature  the  liquid  remains  as  such  for  some  time  under  ordinary 
pressure,  on  account  of  its  requiring  a  considerable  amount  of  heat  for 
its  evaporation.  If  the  evaporation  takes  place  rapidly,  especially  if 
the  liquid  issues  in  a  stream,  such  a  decrease  of  temperature  occurs  that 

"  Ai  carbonic  anhydride  is  one  and  n  h&il  timca  heavier  tb»n  air,  il  iliffuwiB  with 
difficulty,  and  therefore  does  not  easily  mix  with  air,  but  sinka  in  it.  ThismaybeehowB 
in  varinuB  wayi ;  tor  inBtanoe,  it  inay  ho  oirefully  ponied  from  one  ve«ael  into  annther 
coutaining  air.  U  a  li^hMd  taper  be  plunged  into  the  ve&ael  poiitaining  oarboiiia 
anhydride  it  ie  eitiDguidioil,  and  then,  after  pouring  the  gaa  into  the  iitber  cjlinder.  it 
will  hnm  in  the  former  aud  he  eitinguiBhed  in  the  latter.  If  a  certain  quantity  of  aa- 
bonic  anhydride  be  [loured  into  a  vobwI  containing  air,  and  Boap-bablile*  be  introduced, 
Uiey  will  only  aink  as  far  u  the  line  where  the  atmosphere  of  carbonic  anhydride  Gom- 
mencea,  as  tbie  latter  ie  beariei  than  the  soap-babblea  filled  with  air.  Naturally,  after  a 
certain  lapse  of  time,  the  caibouio  anhydride  will  be  diffniied  throngbout  the  veuel.  and 
iorm  a  uniform  uiiitum  with  the  ur,  juat  as  Halt  in  water. 

'  Thia  hqaefaoUon  waa  flrat  ohaerved  by  Faraday,  who  sealed  Dp  in  a  ttibe  a  miitnre 
'ut  a  carbonate  and  sulphuric  acid.  AfLerwarda  thia  tuetbod  waa  very  considerably  im.- 
proved  by  Tbiloner  and  Natterer,  whose  apparatna  ia  dewribrd  on  page  280.  It  ia, 
liDwever,  neoeasary  to  remark  here  Chat  in  working  with  liquid  carbonic  anhydride  it  is 
indispenaable  to  have  good  liquefying;  apparatoK,  conatant  cooling,  and  in  particuUr  a. 
rapid  preparation  of  large  maases  of  pure  carbouie  anhydride. 

■  Carbonic  anhydride,  having  the  same  molecular  weight  aa  nitrona  oiidc,  very  much 
bun  in  a  liquid  state. 
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a  part  of  the  carbonic  anhvdridfi  is  transformed  into  a  aolid  snowy 
mass.  Wat«r,  mercury,  and  many  other  liquids  freeze  on  coming  into 
contact  with  snowlike  carbonic  anhydride."  In  this  form  carbonic 
anliydride  may  be  preserved  for  a  long  time  in  the  open  air,  because  it 
requires  still  moi-e  heat  to  turn  it  into  a  gas  tlian  when  in  a  liquid 
state.  Solid  carlwnic  anhydride,  notwithstanding  its  vciy  low  tempera- 
ture, can  be  safely  placed  on  the  hand,  l>ecauae  it  constantly  evolves  gas 
which  prevents  its  coming  into  actual  contact  with  the  skin  ;  but  if  a 
piece  bo  squeezed  between  the  fingers,  it  produces  a  severe  frost  bite 
similar  to  a  bum.  If  the  snowlike  solid  be  mixed  with  other  a  semi- 
liquid  mass  is  obtained,  which  may  be  used  for  artificial  refrigeration. 
This  mixture  may  be  used  for  liquefying  many  other  gases — such  as 
chlorine,  nitrous  oxide,  hydrogen  suiphide,  and  others.  The  evapora- 
tion of  sufh  a  mixture  proceeds  with  far  greater  rapidity  under  the 
receiver  of  an  air-pump,  and  consequently  the  refrigeration  is  more 
intense.  By  this  means  many  gases  may  be  liquefied  which  resist 
other  methods — namely,  defiant  gas,  hydrochloric  acid  gjis,  and  others. 
Liquid  carbonic  anhydride  in  this  case  congeals  in  the  tube  into  a 
glassy  transparent  mass.  Pictet  availed  himself  of  this  method  for 
liquefying  many  permanent  gases  (see  Chap.  11.). 

The  capacity  which  carbonic  anhydride  has  of  being  liquefied  stands 
in  connection  with  its  aohihility  in  pondd^able  qiuintily  in  tenter, 
alcohol,  and  other  liquids.  Its  solubility  in  water  has  been  already 
spoken  of  in  the  first  chapter.  Carbonic  anhydride  is  still  more  soluble 
in  alcohol  than  in  water,  namely  at  0°  one  volume  of  alcohol  dissolves 
4'3  volumes  of  this  giia,  and  at  20°  2"9  volumes. 

Aqueous  solutions  of  carbonic  anhydride,  under  a  pressure  of  several 
atmospheres,  are  now  prepared  artificially,  because  water  saturated 
with  this  gas  is  a  good  means  of  promoting  digestion  and  quenching 
thirst.  For  this  purpose  the  carbonic  anhydride  is  pumped  by  meana 
of  a  force  pump  into  a  closed  vessel  containing  the  licjuid,  and  then 
bottled  off,  taking  special  means  to  ensure  rapid  and  air-tight  corking. 
Various  effervescing  drinks  and  artificially  effervescing  wines  are  thus 
prepared.      The  presence  of    carbonic    anhydride    Ims  an   important 

"  V/hen  K  fine  ■trenm  of  liquid  ourbonic  unhTdridv  is  diu  1iat»;«1  into  ii  I'lnwd  niatHllu] 
romiunder  evupomleK.  In  employing 
law  teroperotuieii,  it  in  busl  to  un  it 
ire  wiU  be  lew  points  of  contact.  U  »  atreiun  u(  ui  be 
aid  oaibonio  a,n)iydnde  uid  ether,  tlw  evaporatinn  pmrrfiili 
led.  At  prenent  in  tcaae  npedul  imundiutoriDH  (ood  tor 
))  carbonio  uihydride  is  liquefiod  on  tile  kt^  i<cai>>,  poured 
vidod  witli  icrewed  tepa,  and  in  (Ilia  miinner  i(  cui  be 


,„.-„.,  about  one- third  of  ..„  . ....... 

solid  curijonic  uihydride  for  making  eipe 

mixed  with  ether,  otherwiH 

blown  throogh  a  mixture  ol 

rapidly,  and  (treat  cold  is  ot 

milking  artificial  mineral  wi 

into  wroUf[lit-iron  eylinders 

trBns|>otl«d  and  safely  pres 
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signiticsince  in  nature,  because  bj  this  means  water  acrfoiriai  nhfi 
propertT  o€  destrojing  and  dissolfing  manj  siibstanci«i  which  sieft  lusc 
acted  <»  bj  pare  water:  for  instance,  cakriom  phfM^bakUMMxui  fsubfrnaaum 
are  solable  in  water  containing  carbonic  acid.  If  the  water  eh  %im 
interior  of  the  earth  is  saturated  with  carbonic  acid  niwier  ptgWAJ».y 
the  quantity  of  cakrinm  carbonate  in  sointioD  mar  reach  three  igFumm 
per  litre,  and  on  issuing  at  the  surface,  as  the  carbooic  aohjdriie 
escapes,  the  calciam  carbonate  will  be  depodted.^  Water  Aur^gKti 
with  carbonic  anhrdride  brin^  abont  the  destrxictioQ  of  maaj  rodkj 
fonnatioD^  by  remoring  the  lime,  alkali,  Jce^  frrjm  them.  Thiis  pfKieiCBS 
has  been  goifig  on  and  contiones  on  an  etnormoaf  s^ale.  Hfj^kj 
forma;rioQis  ^jxiimin  silica  and  the  oxid/t%  €ji  rario^§  ue<cal«.  mm^jc^efH 
otheri  oxidiea  of  alaminiom,  calcium,  and  f«gdi<xm.  Water  char^jpcil 
with  carijoiiic  acuj  di^aotvei  toch  the  latter,  trko/s^xmrn^  them  BaJU» 
carboBuktea.  Tisft  waten  of  the  ocean  C'Vght.  as  the  ei'i^'rriirxc  <4  nhe 
tMifjmjE^::  acikjdride  ix^^y^Ak.  to  prectfitate  tahik  of  itatie :  thefe*  are 
artnaJlhr  ifj^gzA  •ererTwI^efe  on  tht  STsrlace  of  the  xrvKiA  me  ifciwie  puiie^s 
which  prtTwa^iT'  ifjrx^  the  tod  of  tbe  owaci. 

Hie  fc^ieEirce-  of  ^*rVjitic  arJLiTdrade  iau  tJoitrtawL  ati  waiter  u  ^nm^rnjxiai 
Uf  \tj^  i*'.ic5i*t:'jLi*tt.t  *^  grvwth  of  wat4>r  pilwL*^  AMr:*T5xfe  ^irbwiic 
atiiT^d*-  i^  «:?::; Vije  lit  w*.^!er.  re^  »•>  dcfSahe  lir*Sja«e  is  f-onttftri  :"^ 
LieT*md*>*j»3b*    tiiL    iii**   '.f   tiie   't9'>mf<;«atA'j<Q   of   tiafc>    hj'^TnaM:  aunr   ^ 

"   If  rtii'Ji   vtTi^'  Mri'-^t**?*   'iur-.n^a  tap*-v,rti<Bt  uufi  -etiiVMr*-  »  owx^iru.  •autr  -rriiijjutgifertja:  wSL 

t»t  fclit»V     UUt   -UU»:!«»fi'.r»    \\   \U-M0c   yiMfJiOt  tr-.ttJU  »'i*«W*  Id*    *  tfUWT    OTl)!*-   pr\»*r4w-  l^    tJlUtUIUD 

t«n»'.Mi»£V  ¥  il  i*^  i-.«'iu»?t  ju»r.  iit*  "Uu*-  itirtije*  i<.(ruM*ci  ui  liirt^  »-.A<!r|ru-*««>  u.  »-iu>ir-wittfc. 
^taii'au*  v.mi',a.  liiit  •••Imti'-j'A*  Hi^n.^  ji:rt»*Tttifc  i'.eai.  la*  tot»-tafcljtfC  MUbitoisuwt*  ir  }f(iudaiin» 

«.•>   i-HUuirru*iii^   1  »'   •:u»'f   )ii«r.u«*ftoviu*^ij»'4t*  .  l'.»f   lUHUvuut    liit  «»v*-  i**  Auli}«kn»..  it  "tut 
(.■rT^i::uii    t^«-':injj»*uAi.        !!'i;.f   buju*  cuuwfr  uii»'.  l-.»rui*  eiji^n^  sstaiMtAtt-  ii  oiuciiui:  t»k!*teuii«tkt^ 

u':i<. 

ti-iiu».j  fi      4Ui«    ii    :u»   Iimu   pm*'>    i:  c<-#r-r  uu' <A»ri».r»,jA»ut  ¥  iti   tim*.  i»;.a?a>  H/^'J-  viucii 

llli*»     •  1  /-«f«     ll        Mi'     •- i4(     *\nf     tiliij//     I*     V  itl     ^lu«-    tnw      *,    >J<-*.UlJ»     ir    tl4»-l     tiliet     ¥  111     ft 

tiiu»  u  i«    !u'     »i^»-.   •■  /'        •. •'••^.♦7<        .'  u»   if.ii{\'.t\n    *,*  ti«»-i    w.»'l    ii((U;*ri    u    Xii*    luo^    am    ti**- 

*•  tl    111    til"    .ii.-^        '  ;,.      .,   ,i«.i    •>:i^iiiii>.(    i»*  lij«  uUf>»' j't/<>i    •»'   tu»  •-.kfuuiii'   iimi\urici<  hy 
111   uhi^i.    .-    .•    •.'».»,•*.-►.    t.**i    »  .«:»   «ii    «r*«.-«:«rj«    tUv*:i4i^t'*>     v  '.l     ii^«'    ]«.«.>      tnumjii    il      ThM> 
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formed  from  the  composition  of  the  salts  of  eiirbonjc  acid,  because  a 
liydrate  is  nothing  but  a  salt  in  which  the  metal  is  replaced  by 
hydrogen.  Aa  carbonic  anhydride  forms  salts  of  the  composition 
K.jCOj,  Na^CO;,,  HNaCO,,  &c.,  therefore  carbonic  acid  ought  to  have 
the  composition  HjCOj— that  is,  it  ought  to  be  formed  from  CO,  +  HjO 
Wlienever  this  substance  is  formed,  it  decomposes  into  its  component 
parts  — that  is,  into  water  and  carbt)nic  anhydride.  7Vi«  acid  prfiprrtien 
of  carbonic  anhydride  are  demonstrated  by  its  being  directly  absorbed 
by  alkaline  solutions  and  forming  salts  with  them.  In  distinction  from 
nitric,  HNOj,  and  similar  monobasic  acids  which  with  univalent  metais 
(exchanging  one  atom  for  one  atom  of  hydrogen)  give  salts  such  as 
those  of  potassium,  sodium,  and  silver  containing  only  one  atom  of  the 
metal  (NaNOj,  AgNOj),  and  with  bivalent "  metals  (such  as  calcium, 
barium,  lead)  salts  containing  two  acid  groups — for  example  Ca(N03)j, 
Pb(NOj)j — carbonic  acid,  HjCOj,  is  bibagic,  that  is,  contains  two  atoms 
of  hydrogen  in  the  hydrate  or  two  atoms  of  univalent  metals  in  their 
salts  :  for  example  Na^CO.iis  washing  soda,  a  normal  salt;  NaKGOj  is 
the  bicarbonate  or  an  acid  salt.  Therefore,  if  M'  be  a  univalent  metal, 
its  carbonates  in  general  are  the  normal  carbonate  M'jCOj  and  the 
acid  carbonate  M'HCOj;  or  if  M"  be  a  bivalent  melal  (replacing  Hj)  its 
normal  carbonate  will  be  M"C03  ;  these  metals  do  not  usually  form  acid 
salts,  as  we  shall  see  further  on.  The  bibasic  character  o£  carbonic  acid 
is  akin  to  that  of  sulphuric  acid,  HjSOj,"  but  the  latter,  in  distinction 

"  Tlie  remuna  for  diBlingnisbiiig  tliu  uni-,  b.-,  tri-,  and  yaftdri-vulent  meUle  will  be 
euuniDed  benjsller  UQ  iHUiBing  from  the  uiuvolenl  metnlB  (N'u,  K,  Li)  to  the  dira1enb<Hg, 
C  B.). 

I'  Cp  to  the  ;eiir  IBiO,  or  thereftbotit,  acids  were  not  distingaiBhed  b;  tlieir  buBicitr. 
Orabuu,  while  gtudyiog  phosphoiic  acid,  HjPO,,aJidLiebig,  while  stud jinK  muiy  organic 
acids,  diHtinguiahed  mono-,  bi-.  uud  tri-biwic  acide,  Oerhiu^l  uid  Luiueat  guiieraliHd 
theiie  relations,  showing  that  this  distinction  extendii  over  many  reactiotia  (lor  inibaim, 
to  the  faoulty  of  bibaaic  acids  of  (omiing  acid  suits  with  aUuilib,  KHO  or  KuUO.  or  with 
alcohols  RHO,  dic.h  bnl  now,  from  the  deteraunation  o(  a  hard-and-Fa^t  conception  as 
to  atoms  and  molecales,  the  basicity  of  an  acid  is  delerrnincd  by  the  number  of 
hydrogen  aUnna  oontaiDcd  in  a  luulnculii  uF  the  acid  which  can  be  etchanged  (or  nuiUU. 
It  cuboiiic  acid  fomiB  acid  salts,  NaHCO,,  and  normal  salts,  Na,CO],  it  ia  evident  that 
the  hjdrSits  is  H.jCO^,  iv  bihasio  acid.  Otheiwiuj  it  is  at  present  impussible  Coaccuunt  (or 
the  eomposilion  of  these  s&its.  Bat  when  C  —  S  and  O  — 8  were  taken,  then  tlie  frirdinla 
COgflxpifissed  the  composition,  but  not  the  molecular  weight,  of  carbomc  anhydride  ;  and 
the  oomposition  at  the  normal  salt  nould  be  Na^CjOg  or  NaCOj,  therefore  carbonio  add 
might  have  been  con»dered  as  a  monobawc  acid.  Then  the  acid  salt  would  have  beeD 
represented  hj  NaCO],UC0.<i.  Buch  qaestions  were  the  caase  ot  mnch  argument  and 
difference  of  opinion  among  chemists  about  Forty  yearn  ago.  At  present  there  ciuinat  be 
two  opinions  on  the  subject  if  the  law  o(  Aiogadro-Qerhardt  and  its  sequences  be  strictly 
adberad  to.  Let  us,  however,  remark  here  that  the  monobasic  acids  R(OH)  were  for  a 
long  time  conaideied  to  be  incapable  of  being  decomposed  into  wnter  and  anhydride,  and 
this  property  was  ascribed  to  the  bibasic  acids  R(OH),  as  containing  the  elements  neces- 
sary lur  the  se]«iation  of  the  molecule  of  water  H,0.    This  ILjSOi  or  S0j(OH).j,  H:jC03, 
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from  the  former,  is  an  example  of  the  energetic  or  strong  acids  (such  a 
nitric  or  hy(irochloric),  whilst  in  carbonic  acid  we  obseire  but  feeble  I 
development  of  the  acid  properties  ;  hence  carbonic  acid  must  he  con- 
sidered 1  jceak  acid.  This  conception  must,  however,  be  taken  as  only 
comparative,  as  up  to  this  time  there  is  no  definitely  established  rule  for 
iDeasaring  the  energy  "  of  acids.    The  feeble  acid  properties  of  carbonic 

or  CCHOH).^  nnii  other  bibmic  ncidH  deoomiKiw!  into  the   onhydride,  RO.  uid  n 
H:^.     But  an  DitroDx,  HNOj,  iixlii'.  HID,,  hn>ochlon>n>,  HC10.  lUid  other  mono 
Boids  eiuily  give  their  uibfdrideH  N,Os,  I,Og,  C];,0,  ice,  UaI  metliod  ol  distiDKoiih- 
ing  the  huitity  nt  ncidH,  iiIthaaKh  it  t»ii\j  well  imtiefieit  the  reqairementi  of  orgaDia 
chemietrj,  oinBtaotbecnnBiitiired  correct.  It  mayiilBobe  reuiurlcfld  that  up  to  the  premtt 
tima  not  one  of  the  bibiuic  udda  luu  been  found  to  hara  the  fatnlt;  of  beini;  distilled  irith- 
onl  beinR  dwompaBed  into  iinhs^ride  uid  wnter  (even  HgSO,,  on  beir 
distilled,  gives  30j-f  H^O),  and  the  deoompositinn  of  acids  inln  water  (.nd  onbydride  pro- 
ceeds particniiulj  easil;  iti  dunlin^  ffith  teebl;  energetic  «fidA,  such  M  ei 
boric,  and  liTpochlorons.  Iiet  Ds  luld  that  carbnnic  acid,  as  a  hydrate  corrospimdmit  tn  manh    1 
Kaa.C(HO),^CO,  +  aH,0,oBgbt(abetetral>iiaic.  BatingeneraJitdoesnotrcrmsDchsalta.   1 
Basic  «lta,howevei..Htich  aa  CuCO,CaO,  may  be  rei^uded  in  this  sense,  becaase  CCogO^    I 
correiipandii  with  CH,0,,  as  Ca  uorreaponds  with  Uu-     Amongst  lbs  ethereal  Halts  (also-    J 
bolio  derivatives)   of  carbonic  acid   corresponding  Dases  are.  however,  observed ; 
instance,  elbylic   orthocacbonate,  CfCjHaOjf  (obtained  by  the  action  of  clilorotiicna,    1 
C(MO,)CI],  on  sodium  etlioiide,  C.jHjONa;  boiling  point,  IBH"  :  specific  gniTity,  0'«l]. 
The  name  orlhocarbonic  acid  for  CQ,0,  is  taken  from  orthophoiphoric  add.  PHJO4, 
which  eorreiiponds  with  PHj  (see  Chapter  on  Phosphorus). 

'*  Long  ago  eniteavoars  were  made  to  find  a  inFoiurn  of  affinity  o(  acid*  and  bosai,    I 
becanae  some  of  the  addi,  such  oa  sulphuric  nr  nitric,  form  comparatively  aUblc  suits,  de-    1 
oomposed  with  difltcnlty  by  beat  and  water,  whilst  others,  hke  carbonic  and  hypochla 
koids,  do  not  combine  with  feelile  boxes,  and  with  many  form  solte  which  are  easily  dc< 
posed.  The  same  may  be  said  with  regard  to  bases,  among  which  those  of  potassium.  K^O, 
■odidm,  Na,0.  and  barium,  BaO,  may  serve  as  eiamples  of  the  most  powerfol,  becan 
they  combine  with  the  must  feeble  ncidH  and  form  a  mass  of  satteof  great  stabihty,  whi 
as  examples  of  the  feeblest  bases  alnmiim.  AljOj.  or  bismuth  mide,  Bi,Os,  ma; 
because  they  form  salts  easily  decomposed  by  best  and  water  if  the  acid  be  volatile. 
Such  a  diviuon  of  acids  and  boces  into  the  feeblest  and  most  powerful  is  justified  by  all 
«iidence  amceruing  them,  and  is  quoted  iu  this  work.     But  in  1 
111  thie  subject  has  acquired  quite  a  new  tone,  which,  in  my  opinion,  c 
without  certain  reservationsandremarks,  although  it  Gomprieesi 
ThB  fast  is  that  Thomsen,  Ostwald,  and  others  proposed  to  express  the  measure  ol  offinitj 
ol  odds  to  bases  by  figures  drawn  from  data  of  the  measure  of  dispiacement  of  acids  in 
■qaeoas  solnlions,  judging  (1)  from  the  amount  of  heat  developed  by  mixing  a  solution 
ol  the  tail  with  a  solution  ol  another  acid  {the  avidity  of  acids,  according  to  Thomsen}! 
^1)  Innn  the  change  of  the  volomes  accompanying  such  ■  mutual  action  of  solntionl 
(Ostwald) ;  tS)  Irom  tlie  cliougu  of  the  index  ol  refraction  ot  solutions  (Ostwald),  1 

re  many  other  methods  whioh  lUlow  as  to  form  an  opinion  about  ths 
diitrihntion  of  bases  among  various  acids  in  aqueous  solutions.     Some  of  these  methoda    I 
will  be  described  hereafter.     It  ought,  however,  to  be  remarked  that  intnakiaginvestigv 
'  tioni  in  aqueous  solutions  the  ollluity  to  water  is  generally  left  out  ol  sight.    If  a  base  N,    . 
combining  with  acids  X  and  Y  in  presence  of  tham  both,  divides  in  sncli  a  way  that  one-    < 
third  of  it  combines  with  X  and  two-thirds  with  Y.aconelusion  is  formed  that  the  affinity, 

u  ncid  Y  is  twice  us  great  as  that  of  X.     But  the  pi 
of  the  water  is  not  taken  into  account.    If  the  acid  X  has  on  affinity  lor  water  and  for  N    ' 
it  will  be  distributed  between  them ;  and  if  X  hoe  a  greater  affinity  for  water  than  T, 
then  leiu  of  X  will  combine  with  N  than  of  Y.    If,  in  addition  to  this,  the  acid  X  ia 
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acid  may,  however,  be  Judged  from  the  iiceitmu!ation  of  manyindicatii 
Witli  such  energetic  alkalis  as  soda  and  potasli,  carbonic  acid  forms 

cap»bl*  of  forming  tui  acid  salt  NX^,  uid  V  iti  not,  the  conolosjon  ot  Ihe  relotive  strength 
ot  X  and  Y  Kill  be  otill  nmre  erroneous.  becauBe  tlia  X  Het  free  will  fann  Buch  a.  s&lt  on 
the  addition  of  Y  to  NS,  We  Hhall  nee  in  CliBptec  X.  that  wlien  salpbuHu  and  nitric 
acids  in  weak  aqaeona  solution  avt  on  sodinm  the;  ar«  distributed  eiactl;  in  this  waj  : 
nwnely,  one-third  of  it  combines  with  tha  sulphuriu  and  two-thirda  with  the  nitric  acid; 
but,  in  my  opinion,  this  does  not  show  tliat  sulphuric  acid,  compared  with  nitric  acid, 
tKisaessea  bnt  hiJf  the  deRToe  of  affinity  for  bases  aimilw  to  soda,  and  only  demonalratea 
the  greater  afdnity  of  sulphuric  acid  tor  water  eoiniiaxed  with  that  of  nitric  acid.  In  thia 
way  the  methods  of  itadying  the  distribution  in  aqneons  solutions  probably  only  ahowi 
the  difference  ot  the  relation  ol  the  acid  to  a  baas  and  to  water.  In  geueral.  it  is  impoaaible 
to  hope  to  be  able  to  determine  the  direct  reUtire  degree  of  affinity  of  acidfl  for  bwes  by 
studying  aijueoua  solutions  without  taking  into  accoout  the  reUtion  of  the  aaids,  bases, 
and  salts  to  water,  and  hy  regarding  the  water  bb  a  passive  uudinm,  beuause  the  wat«r  its«lf 
forms  saline  and  all  other  compounds  with  sufastances.  This  refers  more  especially  to 
those  weaU  solattona  by  means  of  whioh  inveBtigatious  of  this  kind  are  most  often  uon- 
duclud,  bevantw  Ihe  weak  sulntians  contain  a  large  mass  of  water,  and  its  inllaence  ia 
then  RTual  even  when  there  is  but  little  affinity,  in  accordance  with  the  law  ot  Die  action 
of  masses,  aiid  from  Uie  faot  that  water  itself  is  a  saline  oxide. 

In  deference  to  these  cimsidemtions,  althimgli  tlxi  leaching  of  the  distribution  ot  salt- 
forniing  elements  in  aqunaiit  lolultoiu  is  an  object  of  great  and  independent  interest,  it 
can  hardly  serve  to  determine  the  measure  ot  affinity  between  baaes  and  acids.  Sinular 
considerations  ought  to  be  kept  in  view  when  deMrmining  the  energy  of  acids  by  means  of 
the  fleclrical  co«d«c(iut(y  u/  their  lerak  lohtiom.  This nuithod, proposed  byAirhenins 
ilani).  and  applied  on  on  eitensire  scale  by  Oslwald  (who  developed  it  in  great  deUil  in 
bin  Lehrbuch  d.' allgemeinvn  Chemie,  v.  ii.,  1HH7),  is  founded  on  the  [act  that  the  ro- 
latlon  of  the  so-caUed  molecular  eleetrical -conductivity  ot  weak  Aolntions  of  varioua  acida 
(1)  coincides  with  the  relation  in  which  the  same  acids  atand  according  tu  the  dislribution, 
(It)  foond  by  one  ot  the  above-mentioned  methods,  and  with  thu  relation  deduced  tot 
them  from  observations  upon  the  velocity  ot  reaction,  (III)  for  instance,  according  to  tlie 
rate  ot  the  splitting  up  of  sn  ethereal  salt  (into  alcohol  and  acid),  or  troni  the  rate  of  the  so- 
called  invetnion  of  sugar — that  is,  its  transformation  into  glucose — as  is  seen  by  comparing 
the  annexed  Hgursa,  in  mhicli  the  energy  of  hydrochloric  aoid  is  taken  as  eiiuai  to  100; — 
I.  ir.  III. 

Hydrochlnrie  acid,  HCl    ,         .         KM  lOU.  lUI) 

Hydiobromic  acid,  UBr  .         .         101  Uf  Ills 

Nitric  acid,  HNOj    .         .         .         lOli  lUU  mi 

SoJphQric  acid,  H.,SO.     .  (IS  iM  74 

Formic  and,  CH,a, 


1 


Oxalic  acid,  CjH.jO,. 

Phosphoric  auid,  PUjO^  . 


The  coincidence  of  these  flgdres,  ohtoioed  by  so  many  various  methods,  presents  a. 
most  important  and  most  instructive  relation  between  pbenomeaa  ot  a  diSeretit  kind,  bat 
in  my  opinion  it  does  not  permit  ns  to  assert  that  the  degree  of  affinity  existing  between 
'bases  and  various  acids  is  determined  by  all  these  various  methods,  because  Ihe  influence 
ot  Ihe  water  must  be  taken  into  consideration.  On  tliis  acoount,  until  the  theory  at 
solution  is  more  thoroughly  worked  ont,  this  subject  (which  now  ought  to  be  trealad 
of  in  special  treatises  on  chemical  mechaniesi  must  be  treated  with  great  caution. 
But  now  we  may  hope  to  decide  this  question  by  exact  metlioda,  which  we  shall  partially 
touch  on  when  speaking  about  the  velocity  of  reaction. 

Tliere  is  no  means  ot  determining  the  degree  of  energy  of  carlxmic  acid  by  any  one  ot 
the  above-mentianed  methods. 


r 
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norma,]  snlls,  soluble  in  wsiter,  but  having  an  alkaline  reaction  jind  ia  j 
many  cases  acting  tlipinselves as  alkalis.'''   The  acid  salts  of  tlinse  ulkalJa,  1 
NaHCOj  and  KHCOj,  have  a  neutral  reaction  on  litmus,  although  they, 
like  acids,  contain  hydrogen,  which  may  be  exchanged  for  nietats.    Th»  1 
acid  salts  of  such  acids— as,  for  instance,  of  sulphuric  acid,  NiiHSO^ —    " 
have  a  clearly -defined  acid  reaction,  and  therefore  carbonic  acid  is  ua-  J 
able  to  saturate  the  powerful  basic  properties  of  such  alkalis  as  potash  oi"  1 
soda.     Carbonic  acid  does  nut  even  combine  at  all  with  feeble  bases,  suoh  f 
as  alumina,  A^Oj,  and  therefore  if  a  strong  solution  of  sodium  carbo- 
nate, NajCO.i,  be  added  to  a  strong  solution  of  aluminium  sulphate 
Alj(80,),i,  then  (according  to  double  saline  decompositions)  aluminium 
carbonate,  Al](C0g)3,  ought  to  beformed,  butthe  carbonic  acid  separatea 
as  this  salt  splits  up  in  the  presence  of  water  into  aluminium  hydrox>   j 
ide  and  carbonic    anhydride:     Ala(COs)3  +  3H30=Ali(OH)6+3CO,.  J 
Therefore  feeble  bases  are  unable   to   retain   carbonic  acid   even  at 
ordinary  temperatures.     For  this  reason  in  the  case  of  bases  of  medium 
energy,  although  they  form  carbonates,  these  are  comparatively  easily 
decomposed  by  heating,  as  is  shown  by  the  decomposition  of  copper 
carbonate,   CuCO^    (see    Introduction),    and  even  calcium  carbonate, 
CaCOj.    Only  the  normal  (hut  not  the  acid)salts  of  such  powerful  baaea  j 
as  potassium  or  sodium  are  capable  of  standing  a  red  heat  without  1 
decomposition.     But  the  acid  salts,  for  instance  NaHCX).,,  decompoa©  | 
even  on  heating  their  solutions  (2NaHC03=  NajCOj  +  HjO  +  COj),   i 
evolving  carbonic  anhydride.     The  amount  of  heat  given  out  by  th»  ^ 
combination   of  carbonic  acid  with  bases  also  shows  its  feeble  acii  | 
properties,  because  it  is  considerably  loss  than  with  energetic  acida^ 
Thus  if  a  weak  solution  of  forty  grams  of  sodium  hydroxide  be  satu- 
rated (until  the  foi'mation  of  a  normal  salt)  with  sulphuric  or  nitric 
acid  or  another  powerful    acid,    from   thirteen   to    fifteen    thousand 
calories  are  given  out,  but  with  carbonic  acid  only  about  ten  thousand 
calories.'^      The  majority  of  carbonates   are  insoluble  in  water,  and 

hydToiide,  in  w«Bk  HolutinnB,  act  in  raoioving  the  fatty  mRtler  juit  iu  the  mnm  way  hb 
Oubuniits  MJlationi) ;  for  instance,  a  Bolntion  of  soda  orystAla,  Ka^CO;.  Suaii.  acts  in  the 
aiune  ny.  being  cumpaned  of  feeble  acids,  either  fatty  or  reainons,  combined  with  alkali. 
On  thie  aocoont  all  sncli  enbatancen  are  applied  to  mannfactnnng  purpoBea,  and  Deed 
equally  well  in  pmctice  for  bleaching  and  waabing  (abricH.  Soda  cryalalB  or  eoaj 
pleterred  to  canetic  aUcnli,  beuanse  an  eiceH  of  the  latter  may  have  a  deetmclive  i 
on  the  Ikbriui.  It  may  be  auppo»d  that  in  aqaeona  solatione  with  eoap  or  with 
cryatala  part  at  Ihn  base  will  (arm  caaatic^  alkali ;  that  is  to  aay,  the  water  will  oompcto, 
with  the  weiUi  lu'ldx.  niid  Lha  alkali  will  be  diiitribnted  between  tliem  and  the  water. 

'"  AtthoDgb  carbonio  acid  ie  reckoned  among  the  feeble  acidK,  yet  there  afe  eri- 
dcnlly  many  others  atill  feebler — for  instance,  hydroffen  Hnlphide,  pmnnic  aeid,  hjpo- 
ohlnmns  auid,  many  organic  acidit,  A'c,  Banes  tike  aluiDinB,or  anch  feeble  adda  aaailica, 
when  in  rombinutian  witb  alkalin  are  decomposed  in  aigneoaa  Bolntionn  by  carbDnie  aeid, 
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therefore  such  solutions  as  sodium,  potassium,  or  anmonium  carbonates 
form  in  solutions  of  most  other  salts  MX  or  BI"X),  insoluble  pre- 
cipitates of  carbonates  of  the  given  metals  M  (univalent  metal 
replacing  H)  or  M' (bivalent  metAl  replacing  Hj)'-that  is,  MjCOa  or 
M"C03,  Thus  a  solution  of  barium  chloride  gives  with  sodium 
carlxinate  a  precipitate  of  barium  carbonate,  HaCOj.  For  this  reason 
in  nature  the  waters  issuing  from  rocky  formations  very  often  contain 
carbonates  ;  for  example,  calcium,  ferrous  or  magnesium  carbonates,  Ac. 
Carbonic  anliydride — which,  like  water,  is  formed  with  the  develop- 
ment of  a  large  amount  of  heat — is  very  stable.  For  this  reason  very 
few  substances  are  capable  of  depriving  it  of  its  oxygen.  However, 
magnesium,  potassium  and  like  metals,  on  being  heated.  Hum  in  it, 
separating  carbon  and  forming  osides.  If  a  mixture  of  carbonic 
anhydride  and  hydr()gen  be  passed  through  a  heated  tube,  the  formation 
of  water  and  carbonic  oside  will  be  observed  ;  CUi+Hj=CO-|-H;0. 


butoi 


in  phenomenB  of  tliiH  kind  hon  niueh  dpgicndB  u] 
properties  of  the  aabiitAiiceB  formed.  These  relAt 
plBX,  may  be  be«t  understood  if  wo  represent  t 
oJwBya  giie,  mDie  or  less,  two  olher  salts,  SY  $ 
the  derived  snbBtanceii. 


oahydride  «i 

being  colloid,  separates,  and  thf 

by  carbonic  anhydride,  so  that  the  matter  te 

sodiam  eubonate  will  leaot  with  silica  to  fan 
but  the  aarbonio  anhydride  will  be  aeparsted 
former  reaction  will  ugain  take  place,  and  the 


- — they  diaplaae 

>on  the  conditionn  of  reaction  and  the 
ona,  which  at  first  sight  appear  coiu- 
lat  two  sallB,  UX  uid  NY,  in  genera! 
nd  NX,  and  examine  the  properties  of 
with  cmbouio 


Bodinm  evbonate  and  flili 


SiOg;  but  the  latter, 
■odium  sdicate  iti  agun  decomposed 
ates  with  the  complete  separatian  of 
In  a  fused  state  the  cafle  is  different! 
■bonic  anhydride  and  sodium  silicate, 
gas.  and  therefore  io  the  lesidDe  the 
will  end  with  tlie  complete  sopara. 


lyriride  and  the  formation  of  sodium  silicate.  If  nothing  is  nepftiatud 
from  the  sphere  of  tlie  reaction  distribntioo  takes  place.  Therefore,  although  carbonic 
anhydride  is  a  feeble  acid,  still  not  for  thin  rHa»nn,  but  only  in  lirtoe  of  its  gaseous  form, 
do  all  soloble  acids  displace  it  in  aaline  solntinna.  The  small  amount  of  energy  of  uar- 
bonio  anliydride  wae  brought  totward  to  account  for  its  being  separated  from  salts  by 
other  acids.  This  is,  however,  not  correct.  Such  a  separation  only  depeuds  on  Uie 
properties  of  the  gas  and  its  compounds.  Thas  acetic  luiid  displaces  carbonic  anhydride 
from  all  carbonates,  bnt  imder  oettain  conditions  the  latter  is  capable  of  disphuing 
acetic  acid.  Thus  if  carbonic  anhydride  be  passed  through  an  alcobolio  solution  of 
potUBsium  acetate  the  acetic  acid  is  set  tree  and  the  potasaium  carbonate  separates,  being 
iuBolnble  in  alcohol.  Just  the  rererse  decomposition  takes  place  in  water.  Frota  this 
it  is  evident  that  the  pro|}erties  of  the  compoonds  formed  and  of  the  reacting  substances 
have  just  ss  muah  infloeiice  on  the  coarse  of  doable  decompositions  as  the  uieaanre  of 
affinity.  Notwithstanding  its  feeble  scid  properties,  carbonic  acid  decomposes  certain 
ualts  in  solotion,  as  shown,  for  instance,  in  the  investigations  of  Seubenoff  on  the  solution 
uf  carbanic  ■nbydride  in  saline  solutions  (Cbap.  I.  Note  SS).  Still  the  relative  eneiKJ 
ot  acids  and  bases  pUys  a  part  in  all  these  cases,  which  we  shall  diacUBS  further  oa  when 
EooGhing  on  questions  of  distribution  and  of  velocity  uf  reaction.  The  principles  of  that 
kind  uf  conception  of  chemical  mutual  action  such  as  ought  now  to  be  accepted  wen 
sought  for  by  Bertbollet  at  the  commeiioemBnt  of  the  present  century,  and  sumetimes 
bear  the  name  of  '  BertboUet's  laws,'  to  which  we  will  turn  our  attention  in  the  following 
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But  only  a  portion  of  the  carbonic  acid  gas  undergoes  this  change,  and 
therefore  the  result  will  be  a  mixture  of  carbonic  anhydride,  carbonic 
oxide,  hydrogen,  and  water,  which  does  not  change  under  the  action  of 
heat.  *^  Although,  like  water,  carbonic  anhydride  is  exceedingly  stable^ 
still  on  being  heated  it  partially  decomposes  into  carbonic  oxide  and 
oxygen.  Deville  showed  that  such  is  the  case  if  carbonic  anhydride 
be  passed  through  a  long  heated  tube  containing  pieces  of  porcelain 
and  heated  to  1300°.  If  the  products  of  decomposition — namely, 
the  carbonic  oxide  and  oxygen — be  suddenly  cooled,  they  can  be 
collected  separately,  although  they  partly  reunite  together.  A  similar 
decomposition  of  carbonic  anhydride  into  carbonic  oxide  and  oxygen 
takes  place  on  passing  a  series  of  electric  sparks  through  it  (for 
instance,  in  the  eudiometer).  With  this  an  increase  of  volume 
occurs,  because  two  volumes  of  00^  give  two  volumes  of  CO  and  one 
volume  of  O.  The  decomposition  reaches  a  certain  limit  (less  than 
one-third)  and  does  not  proceed  further,  so  that  the  result  is  a 
mixture  of  carbonic  anhydride,  carbonic  oxide,  and  oxygen,  which 
is  not  altered  in  composition  by  the  continued  action  of  the  sparks. 
This  is  readily  understood,  as  it  is  a  reversible  reaction.  If  the 
carbonic  anhydride  be  removed,  then  the  mixture  explodes  when  a 
spark  is  passed  and  forms  carbonic  anhydride.  If  from  an  identical 
mixture  the  oxygen  (and  not  the  carbonic  anhydride)  be  removed, 
and  a  series  of  sparks  again  be  passed,  the  decomposition  is  renewed^ 

17  Hydrogen  and  carbon  are  near  akin  to  oxygen  as  regards  afi&nity,  but  it  onght  to 
be  considered  that  the  affinity  o!  hydrogen  is  slightly  greater  than  that  of  carbon,  be- 
cause daring  the  combustion  of  hydrocarbons  the  hydrogen  bums  first.  Some  idea  of 
this  similarity  of  affinity  may  be  formed  by  the  quantity  of  heat  evolved.  G^seooa 
hydrogen,  Hj,  on  combining  with  an  atom  of  oxygen,  O  =  16,  develops  69000  heat-units 
if  the  water  formed  be  condensed  to  a  liquid  state.  If  the  water  remains  in  the  form  of 
a  gas  (steam)  the  latent  heat  of  evaporation  must  be  subtracted,  and  then  58000  calories 
will  be  developed.  Charcoal  taken  in  the  solid  form  on  combining  with  02=82  develops 
about  97000  calories,  forming  gaseous  CO.;-  ■  If  the  charcoal  were  gaseous  like  the 
hydrogen,  and  only  contained  C^  in  its  molecule,  much  more  heat  would  be  developed, 
and  judging  by  other  subntances,  whose  molecules  on  passing  from  the  solid  to  the  gaseous 
state  absorb  about  10000  to  15000  calories,  it  must  be  held  that  gaseous  carbon  on 
forming  gaseous  carbonic  anhydride  would  develop  not  less  than  110,000  calories — that 
is,  approximately  twice  as  much  as  is  developed  in  the  formation  of  water.  And  as  in  a 
molecule  of  carbonic  anhydride  there  is  twice  as  much  oxygen  as  in  a  molecule  of  water, 
the  oxygen  develops  approximately  the  same  quantity  of  heat  on  combining  with 
hydrogen  and  carbon.  That  is  to  say,  that  here  we  find  the  same  close  affinity  (see 
Chap.  II.  Note  7)  detf  rmined  by  the  quantity  of  heat  as  between  hydrogen,  zinc,  and  iron. 
For  this  reason  here  alno,  as  in  relation  to  hydrogen  and  iron,  we  ought  to  expect  an  evi- 
dent distribution  of  oxygen  between  hydrogen  and  carbon,  if  they  are  both  in  excess 
compared  with  the  amount  of  oxygen ;  but  if  there  be  an  excess  of  carbon  it  will  decom- 
pose water,  whilst  an  excess  of  hydrogen  will  decompose  carbonic  anhydride.  If  similar 
relations  of  mutual  action  are  made  clear  in  isolated  cases,  still  the  full  theory  of  the 
subject  is  wanting  in  the  present  condition  of  chemical  knowledge. 
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nntl  terminates  with  the  complete  deixmi position  of  the  carbonic 
auliydride.  Phosphorus  ia  used  in  onler  to  attain  the  complete  absorp- 
tioii  of  the  oxygen.  In  these  examples  we  see  that  a  known  luiicture 
of  changeable  substances  is  capable  of  arriving  at  a  state  of  stable 
©quilibrium,  destroyed,  however,  by  the  removal  of  one  of  the  sub- 
stances composing  the  mixture.  Tliis  i-epresents  one  of  the  instances 
of  the  influence  of  mass.  And  as  on  rapid  cooling  the  combustible 
carbonic  oxide  does  not  succeed  in  combining  with  the  oxygen,  with 
which  it  totally  combines  if  slowly  cooled,  forming  carltouic  anhydride, 
here,  as  in  aL  chemical  phenomena,  the  action  of  time  is  apparent — ^that 
is,  the  existence  of  a  definite  velocity  of  reaction. 

Although  carbonic  anhydride  is  decomposed  on  beating,  yielding 
oxygen,  it  is,  neverthele^ss,  like  water,  an  unchangeable  substance  at 
ordicary  temiieratures.  The  decomposition  of  carbonic  anhydride,  aa 
effected  by  plants,  is  on  this  account  all  the  more  remarkable  ;  in  this 
case  the  whole  of  the  oxygen  of  the  carbonic  anhydride  ia  separated  in 
the  free  state.  The  mechanism  of  this  decomposition  is  that  the  heat 
and  light  absorbed  by  the  plants  are  expended  in  the  decomposition  of 
the  carbonic  anhydride.  This  accounts  for  tlie  enormous  influence  of 
temperature  and  light  on  the  growth  of  plants.  But  it  is  at  present 
not  clearly  understood  how  this  takes  place,  or  by  what  separate  inter- 
mediate reactions  tlie  wliote  process  of  decomposition  of  carbonic 
anhydride  in  plants  into  oxygen  and  the  carbohydrates  (Chapter  VIIT.) 
remaining  In  them,  takes  place.  It  i.s  known  that  sulphui'ous  anhy- 
dride (in  many  ways  resembling  carbonic  anhydride)  under  the  action 
i>f  light  {and  also  of  heat)  forms  sulphur  and  sulphuric  anhydride,  80^, 
and  in  the  presence  of  water  sulphuric  acid.  But  no  similar  decompo- 
sition has  lieen  directly  obtained  with  carbonic  anhydride,  indeed 
it  forms  the  highest  degree  of  oxidation  uf  carbon  ;  perhaps  for  that 
reason  the  oxygen  separates.  On  the  other  hand,  it  is  known  that 
plants  always  form  and  contain  organic  aciih,  and  these  muat  be 
reganied  as  derivatives  of  carbonic  acid,  oa  ia  seen  by  all  their 
reactions,  which  we  will  shortly  treat  of.  For  this  reason  it  might  be 
thought  that  the  carbonic  acid  absorbed  by  the  plants  first  forms 
organic  acids  in  them,  and  that  these  latter  in  their  final  trans- 
formation form  all  the  other  complex  organic  substances  of  the  plauts. 
Many  organic  acids  are  fountl  in  plants  in  considerable  quantity  ;  for 
instance,  tartaric  acid,  CjHfiOe,  found  in  grape-juice  and  in  the  acid 
juice  of  many  plants  ;  malic  acid,  C^UqO^,  not  only  found  in  unripe 
apples  but  in  still  greater  quantities  in  mountain  ash  berries  ;  citric 
acid,  CjH,0„  found  in  the  acid  juice  of  lemons,  in  goi.se  I  terries, 
cranberries,   Ac.  )    oxalic    acid,    CaH,0„    found    in    wootl-.sorrel    and 
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ninny  other  jilaiits.     Sometimes  tliese  acids  exist  in  a  free  state  iu 
plants,  and  sDmetimes  in  the  form  of  salts  ;  Siiv  instance,  tartaric  acid  | 
is  met  with  in  grapes  as  the  salt  known  as  cream  of  tartar,  hut  iu 
impure  state  called  argol,  or  tartar,  C4HjK0f,,     In  sorrel  we  find  thd  ] 
so-called  salts  of  eorrel,  or  acid  potassiuiu  oxalate,  C^HKO^.     There  ia 
a  very  clear  connection  l>etweon  carbonic  anhydride  and  the  above- 
mentioned  oi'ganic  acids  ^namely,  tliey  all,  under  one   condition  or  J 
another,  yield  carbonic  anhydride,  and  can  all  be  formed  by  nieans  of  it'l 
from  Buljstanoea  ilestitute  of  acid  properties.     The  following  example! 
afford  the  beat  demonstration  of  this  fact :  if  acetic  acid,  CjH40j,  the  I 
acid  of  vinegar,  be  passed  in  the  form  of  \'apour  through  a  heated  tub^  I 
it  splits  up  into  carbonic  anhydride  and  marsh  gas=COa  +  CHj,    But  \ 
it  can  also  be  obtained  conversely  from  thoee  components  into  which  it  A 
decomposes.     If  one  ecjuivalent  of  hydrogen  in  luarsh  gas  be  replaced  1 
(by  indirect  means)  by  sodium,  and  the  compound  CHjNa  is  obtained,  1 
this  directly  absorbs  catbonic  anhydride,  forming  a  salt  of  acetic  acid,  i 
CHjNa  +  CO,,  =  CjHaNaO,  ;    from    this   acetic    acid  itself  may  be  J 
easily   obtained    in  a  similar  way  to  that  by  which  nitric  acid  ma,y  1 
be  obtained  from  nitre.     Therefore  acetic  acid  decomposes  into  raarali  I 
gas  and  carbotiic  anhydride,  and  conversely  is  obtainable  fiom  them.  I 
The  hydrogen  of   marsh  gas  does  not,  like  that  in  acids,  show  thej 
property  of  being  directly  replaced  by  metals  ;  the  gas  itself  does  not  I 
show  any  acid  character  whatever,  but  on  combining  with  the  elements  I 
of  carbonic  anhydride  it  acquires  the  properties  of  an  acid.    The  investi-  I 
gatioD  of  all  other  organic  acids  shows  similarly  that  their  acid  eharactw  1 
depencU  on  their  containing  the  elements  of  carbonic  anhydride.    For  \ 
this  reason  there  is  no  organic  acid  containing  less  oxygen  in  its  mole- 
cule than  there  is  in  carbonic  anhydride  ;  every  organic  acid  contains  in  J 
its  molecule  at  least  two  atoms  of  oxygen.    In  or<ler  to  express  the  rela-  I 
tioa  between  carbonic  acid,  UjCOg,  and  organic  acids,  and  in  order  | 
to  understand  the  reason  of  the  acidity  of  these  latter,  it  is  simplest  to 
tuni  to  that  law  of  substitution  which  shows  (Chapter  VI.)  the  rela- 
tion between  the  hydrogen  and  oxygen  compounds  of  nitrogen,  and 
permits  us   (Chapter    VIII.)  to    regard  all   hydrocarbons  as  derived 
from  metliane.     The  facts  of  the  matter  are  as  follows  :  if  we  have  a 
^ven  organic  compound.  A,  which  has  not  the  properties  of  an  acid,  but 
as    the  derivative  of   a   hydn«;arbon    contains    hydrogen    combined 
with  carbon,  then  ACO^  will  be  a  monobasic  organic  acid,  A2C0j 
a  bilmsic,  A3C0,  a  tribasic,  and  so  on  — tliat  is,  each  molecule,  00], 
transforms  one  atom  of  hydrogen  into  that  state  in  which  it  may  be 
replaced  by  metals,  as  in  acids.     This  already  furnishes  proof  that  in 
organic  acids  it  is  necessary  to  recognise  tlie  group  HCO,,  or  oarboxyl. 
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If  the  addition  of  COo  raises  the  basicity  the  removal  of  CO2  lowera 
it.  Thus  from  the  bibasic  oxalic  acid,  C2H2O4,  or  phthalic  acid,  CgHg04, 
by  eliminating  CO 2  (easily  effected  experimentally)  we  obtain  the 
monobasic  formic  acid,  CH2O2,  or  benzoic  acid,  C7H^02.,  respectively. 
The  nature  of  carboxyl  is  directly  explained  by  the  law  of  substitution. 
Judging  from  what  has  been  stated  in  Chapters  V.  and  VIII.  concerning 
this  law,  it  should  already  be  evident  that  COj  is  CH4,  with  the 
exchange  of  H^  for  O2,  and  the  hydrate  of  carbonic  acid,  H2CO3,  is 
C0(0H)2,  that  is,  methane,  where  two  parts  of  hydrogen  are  replaced  by 
two  parts  of  the  water  radicle  (OH,  hydroxyl),  and  the  other  two  by 
oxygen.  Therefore  the  group  CO(()H),  or  carboxyl,  HCO2,  is  a  part 
of  carbonic  acid,  and  is  equivalent  to  (OH),  and  therefore  also  to  H. 
That  is,  ic  is  a  univalent  residue  of  carbonic  acid  capable  of  replacing 
one  atom  of  hydrogen.  Carbonic  acid  itself  is  a  bibasic  acid,  both 
hydrogen  atoms  in  it  being  replaceable  by  metals,  therefore  carboxyl, 
which  contains  one  of  the  hydrogen  atoms  of  carbonic  acid,  represents 
a  group  in  which  the  hydrogen  is  exchangeable  with  metals.  And 
therefore  if  1,  2  .  .  .  n  atoms  of  non-metallic  hydrogen  are  exchanged 
1,  2  ...  n  times  for  carboxyl  we  ought  to  obtain  1,  2  .  .  .  n-basic 
acids.  Organic  acids  are  the  jrroducts  of  the  carboxyl  substitution  of 
hydrocarbons,^^  If  in  the  saturated  hydrocarbons,  C„H2„+2>  one  part 
of  hydrogen  is  replaced  by  carboxyl  the  monobasic  saturated  (or  fatty) 
acids,    C„H2„+i(C02H),    will   be   obtained,    as,  for    instance,    formic, 

*8  If  CO-j  is  the  anliydride  of  a  bibasic  acid,  and  carboxyl  corre8iK)nds  with  it,  re- 
placing the  hydrogen  of  hydrocarbons,  and  giving  them  the  character  of  comparatively 
feeble  acids,  then  SO-,  is  the  anhydride  of  an  energetic  bibasic  acid,  and  aulphoxyl, 
SOalOH),  corresponds  with  it,  being  capable  of  replacing  the  hydrogen  of  hydrocarbons, 
and  forming  comparatively  energetic  sulphur  oxyacids  {sulphonic  acids) ;  for  instance, 
C6H5(COOH),  benzoic  acid,  and  C6H5(S0.20H),  benzenesulphonic  acid,  are  derived  from 
CeH«.  As  the  exchange  of  H  for  methyl,  CH5,  is  equivalent  to  the  addition  of  CH^,  the 
exchange  of  carboxyl,  COOH,  is  equivalent  to  the  addition  of  C0.,> ;  so  the  exchange  of  H 
for  sulphoxyl  is  equivalent  to  the  addition  of  SO5.  The  latter  proceeds  directly,  for 
instance:  C6He  + S05  =  CoH5(SO.OH). 

In  Chapter  VIII.  we  saw  that  the  structure  of  hydrocarbons  might  and  ought  to  be 
represented  by  the  presence  of  CHj,  CHo,  CH,  and  C — nvdicles  of  methane,  starting 
from  methane  itself ;  therefore  the  atoms  of  hydrogen  are  retained  by  separate  atoms  of 
carbon,  which  refers  also  to  OH,  COOH,  and  other  radicles.  Although  with  one  atom  of 
carbon,  H4,  H3,  and  Ho,  or  several,  CH3,  CI,  Arc,  may  be  retained,  yet  not  more  than  one 
of  hydroxyl  may  be  retained,  and  therefore  there  is  no  alcohol  CH.2(OH).2  or  C5H4(OH)4. 
The  carboxyl,  as  well  as  the  sulphoxyl,  substitution  of  hydrogen  in  hydrocarbons,  leads  to 
the  formation  of  acids,  because  the  derivative  acids  H.JCO3  ^"<1  H._,S04  are  bibasic. 
Nitric  acid,  being  monobasic,  is  unable  to  form  a  similar  radicle.  Its  radicle,  NO5,  does 
not  contain  hydrogen,  and  does  not  produce  acidity,  but  has  the  same  relation  to  the 
acid  NO.>(OH)  as  carboxyl  to  carbonic  acid. 

As,  according  to  the  determinations  of  Thomsen,  the  heat  of  combustion  of  the  vapours 
of  acids  RCOo  is  known  where  R  is  a  hydrrx'arbon,  and  the  heat  of  combustion  of  the 
hydrocarbons  R  themselves,  it  may  be  seen  that  the  formation  of  luids,  RCO...  from 
B  +  COo  is  always  accompanied  by  a  small  absorption  or  development  of  heat.     We  give 
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HCOjH,  acetic  acid,  CHjCO,H,  .  .  .  stearic  acjil,  C,jH„,  CO,H,  4c. 
The  double  substitution  will  give  bibasic  acids,  C„H,„{COjH)(CO,H) ; 
for  instance,  oxalic  n^O,  maloiiic  n=l,  succinic  acid  n^2,  >tc.  To 
benzene,  CgH^,  covrespond  benzoic  acid,  CGHn(CO,jH),  pbthalic  acid 
<and  its  isomerides),  C(iH,(CO,H)j,  up  to  melitic  acid,  C6(COjH)5,  in 
fdl  of  which  the  basicity  is  ecjual  to  the  number  of  carboxjl  groups.  As 
many  isomerides  exist  in  hydrocarbons,  it  is  readily  understood  not 
only  that  such  can  exist  also  in  organic  acids,  but  that  their  number 
and  strncture  may  be  foreseen.  As  in  hydrocarbons  the  hydrogen  may 
be  replaced  by  chlorine,  hydroxyl,  ic,  evidently  the  same  is  possible 
with  organic  acids.  Ajid,  therefore,  the  number  and  transformations  of 
such  compounds  are  exceedingly  great.  This  complex  and  most  interest- 
ing branch  of  chemistry  is  treated  separately  in  organic  chemiatry. 

Carbonic  Oxide.- — This  gas  is  fonned  whenever  the  combustion  of 
organic  substances  takes  place  in  the  presence  of  a  large  excess  of  incan- 
descent charcoal ;  tiie  air  first  bums  the  carbon  into  carbonic  anhydride, 
but  this  in  penetrating  through  the  red-hot  charcoal  is  transformed  into 
«&rboQic  oxide,  C0,-fC=2C0.  By  this  reaction  carbonic  oxide  is  pre- 
pared by  passing  carbonic  anhydride  through  charcoal  at  a  red  heat.  It 
may  be  separated  from  the  excess  of  carbonic  anhydride  by  passing  it 
through  a  solution  of  alkali,  which  does  not  absorb  carbonic  oxide.  This 
redaction  of  carbonic  anhydride  explains  why  carbonic  oxide  is  formed 
in  ordinary  clear  fires,  where  the  incoming  air  passes  over  a  large 
surface  of  heated  coal.  A  blue  flame  is  then  observed  burning  aliove 
the  coal  ;  this  is  the  burning  carlxmic  oxide.  When  charcoal  is 
burnt  in  stacks,  or  when  a  thick  layer  of  coal  is  burning  in  a  brazier, 
and  under  many  iimilar  circumstances,  carlmnic  oxide  is  also  formed. 
In  metallurgical  processes,  for  instance,  when  iron  is  smelted  from  the 
ore,  very  often  the  same  process  of  conversion  of  carlionic  anhydride 
into  carbonic  oxide  occurs,  especially  if  the  combustion  of  the  coal  be 
effected  in  high,  so-called  blast,  furnaces  and  ovens,  where  the  air 
enters  from  the  lower  part  and  is  compelled  to  pass  through  a  thick 
layer  of   coal-     In   this   way,    also,    combustion  with   flame  may  be 


U8-1  9ia  870 

RCO,=  It9'4  336  SST 


Thua  H,  comapODda  witlj  [ormii:  said,  CH^O, ;  beuHne.  C^H^  nitb  benzoic  *cid.  CiH^I 
Tho  dkU  lor  the  latter  ure  taken  Itom  Slobmsnn,  and  ni(er  to  the  aulid  condition.     ~ 
(ormic  mid  Stohmiuin  girea  th»  hcnt  of  eoiubiiatiou  na  GmNK)  cnlorieH  in  e.  liquid  alAte, 
Ijut  in  It  state  of  lapour,  Bill  tliouaand  unita,  wliich  U  much  Itits  thmi  according  to 
ThomaVQ. 
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olitained  from  tliose  kinds  of  fuel  whicli  under  oi'diiiary  conditions 
burn  without  fliimt*  :  for  instance,  antlirauite,  coke,  charcoal.  Heating 
by  meaus  of  a  gas-producer — that  ia,  an  apparatus  producing  carbonic 
oxide  from  fuel — is  carried  on  in  the  same  manner.'*  In  trans- 
forming one  part  of  charcoiil  into  carbonic  oxide  2420  heat  units 
are  given  out,  and  on  burning  to  carbonic  nnhydi'ide  8080  heal  units. 
It  ia  evident  that  on  transforming  the  charcoal  linst  into  carbonic 
oxide  we  obtain  a  gaa  which  in  burning  is  cajiable  of  giving  out  5660 
heat  units  for  one  part  of  chari'oal.  This  preparat^ary  transforma- 
tion of  fuel  into  carbonic  oxide,  or  prwlucer  gas  containing  a  mixture 
of  carbonic  oxide  (about  ^  by  volume)  and  nitrogen  {§  volume),  in 
many  cases  presents  most  important  advantages,  as  it  is  easy  to 
completely  burn  gaseous  fuel  without  an  excess  of  air,  which  would 
lower  the  terapenttui'e."*  Iti  stoves  where  solid  fuel  is  burnt  it  is  im- 
possible to  effect  the  complete  combustion  of  the  various  kinds  of  fuel 
without  admitting  r>n  excess  of  air.  Gaseous  fuel,  such  as  carbonic  oxide, 

-s  trauKfarmod  into  iii&iLminable  gts.  In 
■  Bliglit  densilj'  and  Urge  mnniiiit  of  water,  or  incom- 
liPit)  wp  not  an  capable  of  givinu  n  high  tamperatinre 
in  ordinary  lumaceB — for  insUnee,  flr 
cones,  peat,  the  lower  MndB  ot  coal,  So. 
— tlie  aame  gas  in  obtained  afi  with  Oa 
beat  kinds  nt  coal,  becnime  the  water 
wiidenaeB  on  cooling,  and  the  sahes  and 
uttttliy  matter  remain  in  the  gaa-pro- 
ducer.  Tlie  coniitraction  ot  a  gae-pro- 
dueer  ii  seen  from  tile  accompaofitiK 
drawing.  The  fuel  lies  on  the  fire-borB  O, 
the  ur  enters  thmngli  them  and  the  mIi- 
hole  (drawn  by  the  dmught  of  the  chiinney 
of  the  atovp  wliere  the  gaa  bums,  Ot 
i-l^e  forced  by  a  blowing  apparatnn),  the 
<|Jantit]'  ot  air  being  eiactly  regalatod 
liy  means  of  valreB.  The  gaaee  Curmed 
lire  then  led  by  the  tube  V,  provided 
mth  a  valve,  into  the  gns  main,  U.  The 
luldition  of  fael  ought  to  proceed  in 
-^ueh  a  way  aB  to  avoid  tlie  sepanttion  of 
(.iirbonjc  anhydride  ;  henne  the  apaoe  A 
i«  kept  filled  with  the  combustjble  aitd 


-e  of  combiiatioii,  bc^oauie  it  bt 
heated  itself,  sh  explained  i 
r  ni.    In  ordinary  fimucsB  tb 


greater  than  the  qnantity  required  I 
(with  fire-bacB,  regnlated  nir  snpply.  ani 
to  intmdace  twice  »n  innch  air  as  Ih  ne 


r  perfect  eombnstion.  In  the  h 
correaponding  chimney  dmnght)  it 
■tisiuy,  otherwJBS  thti  mnoke  on  tail 


A 
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is  eafily  completely  mixed  with  air  and  burnt  without  excess  of  it    | 
If,  in  addition  to  this,  the  air  nnd  gus  required  for  the  combustion  be    I 
previuusly   heate<l  by  means  of  the  heat  which  would  otberwise  be    | 
uselessly  curried  off  in  the  products  of  combustion  (smoke)"  it  is  eoMj   I 
to  reach  a  high  temperature,  so  higb  (alwut  IBOO")  that  platinum  may   ( 
be  melted.    Such  an  arrangement  is  known  as  a  regfHernlii'e  fintuKe.**   ' 
By  means  of  this  process  not  only  may  there  be  obtained  the  high 
temperatures  indispensable  in   many  industries  (for   instance,  glass- 
working,  steel -melting,  ifcc),  but  also  great  advantage  ^^  as  regards 
the  quantity  of  fuel,  1>ecause  the  transmission  of  heat  to  the  object  to 
be  heated,  conditions  being  equal,  is  determined  by  the  difference  of 
temperatures. 

The  transformation  of  carlfonic  anhydride,  by  means  of  charcoal, 


a  ueoesuw},  for  instanw 


jii  tliu  temperatore  in 
a  foniMO  lit  1000°,  tbe  flune  pawiuB  out  at  this  or  u  Ivigbcr  trmpentare,  sad  therelora 
nrach  fael  in  lort  in  the  amoke.  For  the  dj»ught  at  the  ehimnei  ■  ttmperatura  of 
lOD^tDlMFiBBDffictent.  iiDil  therefore  Ihe  remainiDK  hekt  onght  to  be  flli1i»d.  Foe  this 
purpose  thu  flues  are  euried  nnder  boilora  or  other  heatjng  Rppsistaa.  The  prepuatorj 
liealiug  nf  the  nir  in  the  bent  meiuis  of  atiliwition,  a>  b;  thin  itie&us  the  highiwib 
leaipcruture  n  attained  and  the  qiiickeat  he*ting  and  gnnteBt  econaiur  are  eSecbed. 

"  Regenerative  famnueB  were  inlcodoced  by  the  Brotbera  Siemenii  alxiut  the  yeai 
IMKO  tu  nuuiy  itidaBtricB,  and  murk  a  raosl  impottant  progrena  in  the  use  ut  fael.  eipe- 
cially  in  obUining  liigh  tempeTatureH.  The  principle  i>  ba  follows :  Tlie  [iradacts  of  uom- 
buation  troni  the  Furnace  are  led  into  a  ehatnber,  I,  and  heat  up  the  bridiH  in  it,  mid  tbeii 
pass  into  the  outlet  flna;  when  the  bricks  are  at  a  red  heat  the  prodnuta  ot  combustion 
are  passed  (1>;  alleting  the  valves)  into  another  adjoining  chamber,  II,  and  sir  requisite 
for  the  combustion  o(  the  generator  gases  is  pasaed  through  I.  In  passing  round  aliont 
the  incandescent  brick*  the  air  is  healed,  and  the  bricks  cool— that  is,  the  heat  of  the 
xmoke  is  retnmed  into  the  furnace.  The  air  is  then  passed  through  II,  lud  the  smoke 
through  L  The  regenenitive  bumen  tor  illuminating  gas  are  fonnded  on  this  «iune 
principle,  llie  prnducte  of  combnstion  heat  the  incoming  air  and  gas,  the  temperature  is 
higher,  the  light  brighter,  and  an  economjr  of  gas  is  effected  in  lighting.  Absolute  per- 
fecCiou  in  these  appliances  bfts  o[  course  not  yet  been  attained :  unelioration  is  still 
Further  possible,  but  dissociation  imposeu  a  limit  because  at  a  certain  high  temperature 
combinations  do  not  eusne,  poaiible  temperutoreB  being  limllfil  bf  reverse  reactions. 
Here,  as  in  a  number  of  other  cosea,  the  ultimate  coDception  ot  the  subject  ought  to  bs 
limited  to  the  sphere  of  general  external  and  visible  advantages. 

**  At  first  sight  it  appears  absurd,  useless,  and  paradoxical  to  lose  nearly  one-third  ot 
the  heat  which  fuel  develops  by  turning  it  into  goi.  Actually  the  Advantage  is  enormoua, 
especially  For  producing  high  temperatures,  ««  is  already  seen  from  the  tact  thaHuel  rich 
in  oxygen  ((or  instance,  wood)  when  damp  is  unable,  with  any  kind  of  hearth  wliatever,  to 
give  the  temperature  required  for  glass-melting  or  steel -casting,  whilst  in  thegos-producet 
thoy  furnish  exactly  tlie  same  gaa  »a  the  driest  and  most  carbonaceous  fuel.  In  order  la 
understand  the  principle  n-hich  is  liero  involved,  it  is  sutBcient  to  turn  one's  attention  to 
the  fact  that  the  only  heat  employed  with  advantage  is  that  which  is  concentrated  in  the 
shape  of  pmducta  oF  combustion  having  a  high  temperature.  A  large  amount  of  boat. 
but  having  a  low  temperature,  in  many  oases  is  of  no  use  whatever.  We  are  unable  here 
to  enter  into  all  the  details  ot  tile  complicated  matter  ot  the  application  ot  fuel,  and 
totther  partiinilars  must  be  sought  for  in  special  teclmical  treatises.  The  following 
footnotes,  however,  cimlain  certuu  tundomental  figures  tor  colcuhttjuns  concemiag  oc 
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into  carbonic  oxide  {C  +  CO,=CO+C0),  ia  considered  a  reversi 
reAction,  because  at  a.  higli  temperature  the  carbonic  oxide  splits  up 
into  carbon  and  carbonic  auhydride,  as  Sainte-Claire  Deville  showed  by 
using  the  method  of  the  '  eold  and  Iiot  tube.'  Inside  a  tu))e  heated  in 
a  farnace  another  thin  metallic  (silvered  copper)  tube  is  fitted,  through 
which  a  constant  stream  of  cold  water  flows,  The  carbonic  oxide 
coming  into  contact  with  the  heated  walla  of  the  exterior  tu'je  forms 
charcoal,  and  its  minute  particles  settle  in  the  form  of  lampblack  on 
(the  lower  part)  of  the  cold  tube,  and,  since  thoy  are  cooled,  they  do  not 
act  further  on  the  oxygen  or  carbonic  anhydride  formed.'*  A  aeries 
of  electric  sparks  also  decompo-ses  carbonic  oxide  into  carbonic  anhy- 
dride and  carbon,  and  if  the  carbonic  anhydride  be  removed  by 
alkali  complete  decomposition  may  be  obtained  (Deville).  Aqueous 
vapour,  which  is  so  similar  to  carbonic  anhydride  in  many  respects, 
acta,  at  a  high  temperature,  on  charcoal  in  an  exactly  similar  way, 
C  +  HjO^Hj  +  CO.  From  '2  volumes  of  carbonic  anhydride  with 
charcoal  4  volumes  of  carbonic  oxide  (2  molecules)  are  obtained,  and 
precisely  the  same  from   2  volumes  of    water  vapour  with  charcoal 

'*  Tbe  Grit  product  of  combastion  of  chnrcoiLl  ia  ftlwaya  carbonic  &nhydiidfl,  and  not 
dubonic  oxide.  Thin  iB  aeea  from  the  fact  tbnt  witli  n  sh&lloir  layer  of  chuvonl  (Isn 
than  a,  deuimelre  if  the  charcoal  be  cloaaly  pockod)  carboniu  oiide  ifl  not  formed  ftt  all. 

and  tlio  current  ot  air  or  oiygen  ia  very  alow.  With  a  rapid  ciuTBnt  of  air  the  obaraoiJ 
becomea  red  hot,  and  the  temperatDre  riaey,  and  then  cailvioic  oii[|eappeara{I>ang  IBSS). 
Nanmann  and  Piator  determined  (bat  the  reaction  of  liarliODic  anhydride  with  ourboD 
cODunences  at  about  560°,  and  tliatbotween  water  and  osrlwn  at  about  600°.  At  thatattat 
temperature  carbonio  anhydride  in  formed,  aud  only  with  a  rine  ot  tempemture  »  ww- 
bonio  oiide  formed  (Lang)  from  tbe  nctioo  of  the  carbonic  anliydride  on  the  carbon,  and 
bom  the  reaction  CO,i-H,»CO  +  H,0.  Hathke  (1B81)  ahowud  that  at  no  temperattm 
whatever  ia  the  reaction  as  eipresaed  by  the  equation  CQ^  +  C  =  ^CO  complete  ;  a  put  ot 
the  carbonic  anhydride  TemiinB,  and  Lang  determined  that  at  about  1000°  not  leu  Ihui 
9  p.c.  of  the  carbonic  anhydride  remuina  nntruoBfonned  into  carbonic  oxide,  even  after 
the  action  baa  been  continued  tai  aeieml  boora.  The  endothertaaJ  reactiona,  C  +  aH^O^ 
C0a  +  BtthandC0  +  H.j0-C0j  +  H5,are  jnat  as  incomplete.  Thia  ia  made  clear  i(  WB 
note  that  on  the  one  hand  the  aboye-mentioned  reaotiona  are  all  Teversiblei  and  therefore 

with  bydre^n  and  carbon,  aod  also  that  the  lower  timita  of  dlBOOciation  of  water,  carbonio 
onliydiide.  and  carbonic  oxide  lie  near  one  another  between  GOO"  and  1300°.  For  water 
and  carbonic  oxide  the  lower  limit  ol  the  commencement  of  diasociation  ia  nnknovn,  bnl 
judi^ng  from  the  occnmuUted  data  (according  to  Le  Chatelier,  leSS)  that  ot  orbouie 
anhydride  may  be  taken  oa  about  10!>0°,  Eveu  at  about  Z00°  halt  the  carbonio  anhydilde 
diaeocialeH  il  the  pressure  be  small,  about  0*001  atmosphere.  At  the  atmoapberic 
presaore,  not  more  than  005  of  the  carbonic  anhydride  decomposes.  The  influenos  of 
presBore  ia  here  evident,  tor  the  reason  thai  the  aphtting  up  of  carbonic  anbydrido  ioto 
carbonic  otide  and  oiygen  ia  accompanied  by  an  increnae  in  volume  (aa  in  the  coae  of 
the  diaaocialion  of  nitric  peroxide.  Bee  Chapter  VI.  Note  4fi).  As  in  stove*  and 
liimpB,  and  alao  with  eiploaive  sabatances,  the  temperature  is  not  higher  than  9000°  b> 
SGOO°i  it  ia  evident  that  aithongh  the  partial  preaaure  ot  carbonic  anhydride  is  smaU,  itill 
its  diasociation  cannot  be  cousiderable,  and  probably  does  not  exceed  5  p.c. 
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4  volumes  of  a  gas  consisting  of  Lydrogen  and  carl>ouic  oxide  (H,+CO)  I 
is  formed.  This  mixture  of  combustible  gases  is  called  iraCtr  _7<m,** 
But  aqueous  vnpour  (atid  oidy  when  strongly  superheated,  otherwise 
it  cools  the  charcoal)  only  ucts  on  charcoal  to  form  a  large  amount  of 
carbonic  oxide  at  a  very  high  temperature  (when  carl>onic  anhydride 
dissociates) ;  it  begins  to  react  at  B)>out  500°,  forming  carbonic 
anhydride,  according  to  the  equation  C  +  2HjO=COj  +  3H,.  Besides 
this,  carlxiiiic  oxide  on  splitting  up  forms  carbonic  anhydride,  and 
therefore  water  gas  always  contains  a  mixture  '*  in  which  hydrogen  pre- 

■^  A  mnlentUr  weight  ol  tbia  g>8.  or  2  voliuueB  CO  (38  gnuoi),  ou  cumboatiu) 
((orminK  COj)  giyeR  ont  IIK.OOO  heal  niiita  (TbomBeii  1171100  oftlotlai.],  A  molecuUr  wei^t 
of  hjdrogea,  H,  (ui  9  volnmeB),  developu  on  burning  into  Hquiii  water  UUOOO  heat  uniti 
(p«4»rduie  to  ThomHu  08800),  but  if  it  forms  iu)D«ja8  mpour  fiSOOO  heat  luiitB.  Char- 
coal, rflBolTiiiB  itBclt  b;  cambastioD  into  the  uioleoular  quantity  of  CO,  (U  voJnmes), 
derelapa  STOOD  heat  Dnits.  From  the  data  furnished  bj  theon  eiothennat  reoationa  it 
follows .  (1}  that  the  uiidiitian  of  solid  charcoal  into  carbonic  oxide  develops  98000  heat 
nniU;  (a)  thatthereoctiotiC  +  COi'-aCOaiuoriwSlWOOfaeataait*;  (SI  C  +  HgO  =  H,4-CO 
atuorbi  til  the  water  be  iu  a  state  of  Tapour)  29000  caloriee,  bnl  it  Uie  water  be  liquid 
*0000  calories  (nlmost  as  mDcb  aa  C  +  CO,);  (1)  C  +  H.jO  =  CO,  +  aH,  abturba  (if  tb« 
water  be  in  a  state  of  tapoor)  19000  heat  units;  (G)  the  reaction  CO 4- HgO -^ CO,  +  H} 
devflopi  lOOOO  heat  unite  if  the  water  be  in  the  state  of  rapour. 

Therefore  it  followx  that  3  rolumes  of  CO  or  H,  burning  into  CO^  or  H,0  develop 
almost  the  same  amount  of  heat,  jaat  as  also  tlie  host  uflects  corresponding  with  th*    . 
equations 

C  +  H.,0-CO  +  H, 
C4-CO,  =  CO  +  CO 
ore  nearly  equal. 

*>  Water  giu,  obtained  from  steam  at  a  white  bent,  contains  nboDt  60  p.c.  of  hydro- 
men,  about  40  p.c.  ol  carbonio  oxide,  about  E  p.c.  of  carbonic  anhydride,  the  rEmoindei 
being  nitrogen  from  the  charcoal  and  air,  Compiirad  with  producer  ^s,  which  conlaini 
much  nitrogen,  thii  is  a  gas  moch  richer  in  combuitible  matter,  and  therefore  capable  of 
giring  high  temperatares,  and  is  lor  this  reason  of  the  greatest  utility.  If  carbonic  anhy. 
dride  could  b«  as  readily  obtained  in  as  pure  a  state  as  water,  there  vonld  he  no  difler- 
ence  in  the  heating  powers  of  producer  gas  and  water  gas.    As  regards  the  utilieation  ot 

out  almost  as  mDch  heat  as  hydrogsn — even  more  if  the  nnnke  hea  a  temporature  above 
100°,  and  the  water  remoias  oa  vapour  (Note  i6\.  But  water  gas  stands  higher  than 
producer  gas  ah  regards  the  concentration  of  the  Fael  in  its  transformation  into  gas,  and 
tlierefore  in  places  where  a  particolorly  high  temperature  is  required  (lor  instance,  for 
lighting  by  meitns  of  incandescent  lime  or  magnenta,  or  (or  steel  melting.  /He.),  and  tot 
distributing  Ihiougb  pipe*  at  great  diatances,  water  gas  is  at  pTeeent  held  in  high  esti- 
mation, bat  when  (in  ordinary  furnaces,  re-heating,  gUss-melting,  and  other  fumacesj  a 
very  high  temperature  is  nal  required,  and  there  is  no  need  to  convey  the  goa  in  pipe*. 
prodnoer  gu  is  generally  preferred  on  account  ot  the  simplidty  of  its  preparation, 
especially  •■  for  water  gas  such  a  high  temperature  is  required  that  the  phut  soon 
becomes  dnmaged. 

Water  gas  is  prepared  (there  ore  very  many  syatems,  bat  the  Americsu  patent  of  T. 
Lowe,  ot  Norrislown,  PeBHsylvania,  is  much  niied)  in  a,  cylindrical  generator,  into  which 
heated  air  is  introducud.  in  order,  by  partial  comboalion  lA  the  coke.  Iu  heat  the  remainder, 
Ac,  to  a  white  best.  Die  products  of  combostion  containing  carbonic  oxide  are  ntilised 
in  •  contrivance  for  sa[ierheating  eteaio.  which  is  then  paused  over  the  while  hot  coke. 
Water  gas,  or  a  mixtnru  ot  hydrogen  and  ccrbonic  oxide,  is  Uios  obtained.   The  pncUtsal 
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dominates,  the  volume  of  carbonic  oxide  l>eing  com pjimti rely  less, 
whilst  tlie  amount  of  carbonic  anhydride  increases  as  the  temperature 
of  the  reaction  decreases  (generally  it  is  more  than  3  per  cent.). 

Metals,  like  iron  and  zinc,  which  at  a  red  heat  are  capable  of 
decomposing  wat*r  with  the  formation  of  hydrogen,  also  decompose 
carbonic  anhydride  with  the  formation  of  carbonic  oxide  ;  so  both 
the  ordinary  products  of  complete  cuuibustion,  water  and  carbonic 
anhydride,  are  very  similar  in  their  reactions— and  hydrogen  may 
be  compared  with  carbonic  oxide.  The  metallic  oxides  of  the  above- 
mentioned  metals,  when  reduced  by  charcoal,  also  give  carlxinic  oxide. 
Priestley  obtained  it  liy  heating  chiireoal  with  zinc  oKide,  It  must  he 
held  that  herfi  carbonic  anhydride  is  lirst  produced,  btit  that,  combining 
with  carbon,  it  forms  carbonic  oxide.  As  free  carbonic  anhydride  may 
be  transformer!  into  carbonic  oxide,  so,  in  the  same  way  precisely,  may  , 
that  carbonic  acid  which  is  in  a  state  of  combination  ;  therefore,  if 
magnesium  or  barium  carbonates  (MgCOj,  or  BaCOj)  be  heated  to  a 
red  heat  with  charcoal,  or  iron  or  zinc,  carbonic  oside  will  be  produced — 
for  instance,  it  is  obtained  by  heating  an  intimate  mixture  uf  9  parts 
of  chalk  and  1  part  of  charcoal  in  a  clay  retort. 

Many  organic  substances  ^^  on  being  heated,  or  under  the  action  of 
diderent  agents,  yield  carbonic  oxide  ;  amongst  these  are  many  organic 
or  carboxylic  acids.  The  simplest  are  formic  and  oxalic  acids.  Formic 
acid,  CH,0„  on  being  heated  to  200°,  easily  decomposes  into  carbonic 
oxide  and  water,  CH20,=CO  +  H50.     This  reaction  may  be  effected 

aide  of  the  queation  resolves  itBeU  into  utilising  nil  the  heat  p\en  oot  by  the  chufl 
and  contained  in  the  inauideueutgM,  for  heftting  up  (lie  sJc,  tor  the  (omiBtitiD  and  sn] 
heating  ol  the  ateium. 

Water  gnu  i«  sDmetimeB  i^alled  '  Ihe/nel  of  the  future,'  beoanee  it  is  applii'sble  U. 
parposee,  develops  a  hi|(h  tmnpentare,  and  is  tfaerefote  available,  oot  onlf  tor  dome 
and  indDStrial  usea,  but  also  (ar  giu-molors  (pMte  173)  uid  for  liKhting.  For  lbs 
latter  pDrpow  platinam.  lime,  mognetria,  lircoaia,  and  aimilur  sabstanceB  (aa  in  Dm 
Dnunmond  light,  Chapter  m.),  aie  rendered  incandescent  tn  the  flame,  ut  alee  the  gas  ia 
carburefted — thai  is,  miied  with  the  vapours  d(  volotile  hydrocarbons  (geoerally  bemens 
or  naphtha.,  nnphlhatene,  or  gimpl;  naphtha  gn),  which  commaniote  to  the  pale  Ubids 
of  oaibonici  oiidoimd  hydrogen  a  groat  brilliwioy,  owing  to  the  high  temperiitnra  developed 
by  the  u>mbti«tion  of  the  noa-luniinoaa  gases.  Ai  water  gas,  poswssitig  these  propertka, 
may  be  prepsied  At  central  wotks  and  conveyed  in  pipes  to  the  consumem,  may  be  pro- 
daoed  from  any  kind  of  fuel,  and  ought  to  be  much  cheaper  tluui  ordinary  gas,  it  may 
actually  be  considered  that  in  course  of  time  (when  practice  will  have  detennined  Uw 
cheapest  and  best  way  to  prepare  it)  it  will  not  only  supplant  nrdinar}'  gae  but  will  wfUi 
advantage  everywhere  replace  the  ordinary  forms  of  foel,  which  in  many  respects  are 
inconveniauL  At  present  its  consimiptiou  spreads  principally  fur  lighting  purposes,  and 
for  use  in  gas-engineH  instead  of  ordinuy  illuminating  gns. 

"  The  Bo-esllvd  yellow  prussi&te.  K,FeC'gNo,  on  beiug  liea(«il  with  len  parla  of  strong 
sulphuric  uid  forms  a  causiderable  quantity  of  very  pure  carbonic  oiide  i^umplelely  free 
from  carbonic  anhydride. 
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by  mixing  formic  ncid  with  glycerin,  because  in  a  separate  state  it  vola- 
tilises much  earlier,  and  therefore  canuot  be  heated  up  to  the  required 
temperature.  The  salts  of  formic  scid,  on  being  heated  with  sulpliurio 
acid,  yield  carlionic  oxide.  Usually,  however,  carbonic  oxide  is  pre- 
pared in  laboratories,  not  from  formic  but  from  oxalic  acid,  C^HjO,, 
the  more  so  as  formic  acid  is  itself  prepared  from  oxalic  acid.  The  ' 
latter  acid  is  ettsily  obtained  by  the  action  of  nitric  acid  on  itarch, 
sugar,  &e.  :  it  is  also  found  in  nature.  Oxalic  acid  is  easily  decom- 
posed by  heat ;  its  crystals  first  lose  water,  then  partly  volatilise 
but  the  greater  part  is  decomposed.  The  decomposition  is  of  tha 
following  nature  ;  it  splits  up  into  water,  carbonic  oxide,  and  car- 
bonic auhydride,«  CjHjO,=HjO-|-COi-l-CO.  This  decorapoaition 
is  generally  practically  effected  by  mixing  oxalic  acid  with  strong 
sulphuric  aeid,  because  the  latter  favours  the  decoiiipcaition  by  taking 
up  the  water.  On  heating  a  mixture  of  oxalic  and  sulphuric  acids  a 
mixture  of  carbonic  oxide  and  carbonic  anhydride  is  evolved.  This 
mixture  is  passed  through  s  solution  of  an  alkali  in  order  to  absorb 
the  cai'lwiiic  anhydride,  whilst  the  carlmnic  oxide  passes  on.  Oxalic 
acid  in  admixture  with  glycerin,  on  Iteing  heated  first  to  100°  and 
then  to  1 40°,  decomposes  in  a  similar  manner. 

In  its  physical  propertie«  carlwnic  oxide  resembles  nitrogen ;  this 
is  explained  by  the  equality  of  their  molecular  weights.  The  absence 
of  colour  and  smell,  the  low  temperature  of  the  absolute  l>oiling 
point,  —140°  (nitrogen  —116°),  the  faculty  of  solidifying  at  — Ii00° 
{nitrogen,  —202°),  the  boiling  point  of  —190°  (nitrogen,  —203°), 
and  the  slight  solubility  (page  7H),  of  carbonic  oxide  are  almost  the  ' 
same  as  in  those  of  nitrogen.  The  chemical  properties  of  botb 
gases  are,  however,  very  different,  and  in  these  carbonic  oxide  re- 
sembles hydrogen.  Carbonic  oxide  burns  with  a  blue  flame,  giving 
2  volumes  of  carlxinic  anhydride  from  2  volumes  of  carlwnic  oxide,  just 
as  2  volumes  of  hydrogen  giv«  2  volumes  of  aqueous  vapour.  It 
explodes  with  oxygen,  in    the  eudiometer,    like   hydrogen.™     "When 

"  The  dBiumpoiitiaii  ut  funaie  auil  uialii:  acids,  witli  tbe  furnialioii  of  carbonic  oride, 
<)onili(]«ruig  thtJBfl  acids  as  CHrboiyl  deriTativeH,  may  bb  uxplaliied  on  fulluwa : — The  Jiiit 
i«  H<COOU|,  nud  the  uicod<1  (COOH),,  or  U.s  in  which  cmo  or  botb  pait«  of  bydtogen  ant 
exi^hiuigeil  Inr  (uuboiyli  thenjlan  they  >ue  equeJ  to  U,.t-CO,  and  Hi-i-3C0,i  but  H^ 
react*  with  COg,  aa  has  beeu  ttatud  above,  (onaiiig  CO  and  H.jO,  Frooi  thin  it  ia  kIh 
firidont  tbtLt  oxalic  acid  on  loeinK  CO]  lonua  luriniB  acid,  and  bIvu  Chat  the  latter  i 
proHed  Iratn  CO-f  BgO,  UK  we  nhall  see  further  on. 

"  It  ia  remarkitblr-  that,  •ccording  to  the  inieBtigationi  of  DiiOD.  piirfeclly  dry  j 
cajrboaio  otide  doe*  nuL  eiplude  with  oxygen  whem  a  eparlc  ol  low  inti^uEity  ia  aaed,  hoi  | 
an  ciplosiun  takes  plu'e  if  them  ia  the  Blighteet  udmijEture  of  tnoistnre.  L.  Ueym,  i 
however,  showed  that  gpult*  nf  an  electric  discbarKe  of  con»idsriil>te  iuleniiity  pro-  J 
dace  an  explosion.     I  Ibiuk  that  this  may  be  tiiplaincd  by  the  fact  that  watvr  wjtb    I 
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breathed  it  acts  as  a  strong  poison,  because  it  is  absorbed  by  the 
blood  ;  ^^  this  explains  the  action  of  charcoal  fumes,  the  products  of 
the  incomplete  combustion  of  charcoal  and  other  carbonaceous  fuels. 
Owing  to  its  faculty  of  combining  with  oxygen,  carbonic  oxide  acts  as  a 
powerful  reducing  agent,  taking  up  the  oxygen  from  many  compounds 
at  a  red  heat,  and  being  itself  transformed  into  carbonic  anhydride. 
The  reducing  action  of  carbonic  oxide,  however,  is  (like  that  of 
hydrogen,  Chapter  II.)  naturally  confined  to  those  oxides  which  easily 
part  with  their  oxygen — as,  for  instance,  copper  oxide — whilst  the 
oxides  of  magnesium  or  potassium  are  not  reduced.  Metallic  iron  itself 
is  capable  of  reducing  carbonic  anhydride  into  carbonic  oxide,  just  as 
it  liberates  the  hydrogen  from  water.  Copper,  which  does  not  de- 
compose water,  does  not  decompose  carbonic  oxide.  If  a  platinum 
wire  heated  to  300°,  or  spongy  platinum  at  the  ordinary  tempera- 
ture, be  plunged  into  a  mixture  of  carbonic  oxide  and  oxygen,  or  of 
hydrogen  and  oxygen,  the  mixture  explodes.  These  reactions  remind 
one  exceedingly  of  those  which  are  peculiar  to  hydrogen.  The  follow- 
ing important  distinction,  however,  exists  between  them,  namely  :  the 
molecule  of  hydrogen  is  composed  of  Hj,  a  group  of  elements  divisible 
into  two  like  parts,  whilst,  as  the  molecule  of  carbonic  oxide,  CO^ 
contains  unlike  atoms  of  carbon  and  oxygen,  in  none  of  its  reactions 
of  combination  can  it  give  two  molecules  of  matter  containing  its 
elements.  This  is  particularly  noticeable  in  the  action  of  chlorine  on 
hydrogen  and  on  carbonic  oxide  respectively  ;  with  the  former  chlorine 
forms  hydrogen  chloride,  and  with  the  latter  it  produces  the  so-called 
carbonyl  chloride,  COClj  ;  that  is  to  say,  the  molecule  of  hydrogen,  Hj, 
under  the  action  of  chlorine  divides,  forming  two  molecules  of  hydro- 
chloric acid,  whilst  the  molecule  of  carbonic  oxide  entirely  enters 
into  the  molecule  of  carbonyl  chloride.  This  characterises  the  so- 
called  diatomic  or  bivalent  reactions  of  radicles  or  residues,  H  is  a 
monatomic  residue  or  radicle,  like  K,  CI,  and  others,  whilst  carbonic 
oxide,  CO,  is  an  indivisible  (without  decomposition)  bivalent  radicle, 
equivalent  to  Hj  and  not  to  H,  and  therefore  combining  with  X2  and 

carbonic  oxide  gives  carbonic  anhydride  and  hydrogen,  but  hydrogen  with  oxygen  gives 
hydrogen  peroxide  (Chapter  VII.  p.  805),  which  with  carbonic  oxide  forms  carbonic 
anhydride  and  water.  The  water,  therefore,  is  renewed,  and  again  serves  the  same 
purpose.  But  it  may  be  that  here  it  is  necessary  to  acknowledge  a  simple  contact 
influence. 

5®  Carbonic  oxide  is  a  very  quick  poison,  because  it  is  absorbed  by  the  blood  in  the 
same  way  as  oxygen.  In  addition  to  this,  the  spectrum  of  the  absorption  of  the  blood 
changes  so  that  by  the  help  of  blood  it  is  easy  to  detect  the  slightest  traces  of  carbonic 
oxide  in  the  air.  M.  A.  Kapoustin  found  that  linseed  oil  (and  therefore  oil  paints)  are 
capable  of  giving  off  carbonic  oxide  while  drying  (absorbing  oxygen). 
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interchangeable  with  H.j.    This  distinction  ii 
cotDpariaon  : 


jvideiit  from  the  a 


HH,  hydrogen. 
HCl,  hytlrochloric  acid, 
HKO,  potash. 
HNH„  ammonia. 
HCHa,  methane. 
HHO,  water. 


CO,  carlwnic  oxide. 
COCl.j,  carbonyl  chloride. 
CO(KO)^,  potassium  carlionate. 
CO(NH,)„  urea. 
C0(CHa)5,  acetone. 
CO(HO)j,  carbonic  acid. 


Such  monatoniic  (univalent)  residues,  X,  like  H.  CI,  Na,  NO,,  NH,j  1 
CHj,  CO.jH  (carljoxyl),  OH,  and  others,  in  accoi-dance  with  the  law 
of  substitution,    combine   together,    forming  compounds,  XX'  ;  with   ' 
oxygen,  or  in  general  with  diatomic  (bivalent)  residues,  Y^ for  instance, 
with    0,    00,    CHj,    8,    Ca,   ic— compounds   XX'Y  ;    but   diatomic    ' 
residues,  Y,  sometimes  capable  of  existing  separately,  combine  together, 
YY'  and  with  Xj  or  XX',  as  we  see  from  the  transition  of  CO  into 
CO,  and  COCl,.     This  combining  faculty  of  carljonic  oxide  appears  in 
many  of  its  reactions.     Thus  it  is  very  easily  absorI>ed  by  cuproua    , 
chloride,    CuCl,   dissolved    in   fuming   hydrochloric  acid,   forming    i 
crystalline   compound,    C0CujCI,,2H,0,    decomposable  by  water  ;  it 
combines  directly    with   potassium  (at  90°),  forming  (KCO),"  with 
platinum  dichloride,  PtCl,,  with  chlorine,  Clj,  ifec. 

But  the  compounds  of  carbonic  oxide  with  the  alkalis  are  still  more  i 
remarkable — for  instance,  with  potassium  or  barium  hydroxides,  &c.- 
although   it   is   not   directly  absorbed  by   them,    as   it    has    no  acid 
properties.     Berthelot  {1861)  showed  that  potash  in  the  presence  of    | 
water   is   capable   of  absorbing  carltonic  oxide,    but    the   absorption 
takes  place  slowly,  little  liy  little,  and  it  is  only  after  being  heated 
for  many  hours  that  the  whole  of  the  carlranic  oxide  is  absfjrbed  by 
the  potasli.     The  salt.  CHKO.j,  is  obtained  by  this  absorption  ;  it  cor- 
responds with  an  acid  found  in  nature,  namely,  the  simplest  organic — • 
carboxylic--acid,_/ormtc  ari^,  CHjOj.     It  can  be  extracted  from  the 
""potassium  salt   by  means  of   diBtillatioii   with  dilute  sulphuric  acid, 
just  as  nitric  acid   is  prepared  from  sodium  nitrate.     The  some  acid 
is   found   in   ants,  in  nettles  (when    the    points  of  the  nettles  enter    i 

»  Thu  molecule  dI  metallic  potuBinm  (Scott,  1887),  like  thatotaiercary.oontuDBoul 
aloni,  and  it  ii>  probably  in  rirtua  of  this  that  tlie  loalecnlea  CO  and  K  combine  together. 

KjC^O]  ia  formed,  aiul  probably  KjoCjoOin,  beuaiue  prodnots  containing  Cio  are  formed 
by  UiB  action  of  hjrilrorhloric  iicii.    The  blmife  maas  (urmed  bjr  tlie  combination  of 
CM-bonic  oiida  vitli  potassium  explodes  with  ((reitt  caae,  and  oiidiaea  in  the  air.    Altho 
Brodie  and  Lsrch  have  ^rreatly  extended  our  hnctwled^  of  Uiia  cotripunnd,  mnch 
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the  skin  they  break,  and  the  corrosive  formic  acid  entecs  into  tlie 
body);  it  is  obtained  during  the  action  of  oxidising  tigents  on  uiany 
organic  nubstances  ^  it  iR  formed  from  oxalic  acid,  and  under  many 
conditions  splits  up  into  carbonic  oxide  and  water.  In  the  formation 
of  formic  acid  from  carbonic  oxide  we  observe  an  example  of  the 
synthesis  of  organic  compounds,  such  as  are  now  very  numerous,  and 
are  treated  of  in  detail  in  organic  chemistry. 

Formic  acid,  H(CHOa),  carbonic  acid,  HO(CHOj),  and  oxalic  acid 
^CHOi)],  are  the  simple  organic  or  carboxylic  acids,  R(CHOt)  cor- 
responding with  HH  and  HOH.  Proceeding  from  carbonic  oxide,  CO, 
the  formation  of  carboxylic  acids  is  clearly  seen  from  the  fiict  that  CO  is 
capable  of  combining  with  X,,  that  is,  forming  COXj.  If,  for  instance, 
one  X  is  an  aqueoua  residue,  OH  (liydroxyl),  and  the  otherX  hydrt^n, 
then  the  simplest  organic  acid^formic  acid,  H(COOH) — ia  obtained. 
Ab  all  hydrocarbons  (Chapter  VITI.)  correspond  with  the  simplest, 
CH,,  so  all  organic  acids  may  be  considered  to  proceed  from  formic 
acid. 

Zn  a  similar  way  it  ia  easy  to  explain  the  relation  to  other  com- 
pounds of  carbon  of  those  compounds  which  contain  niti-ogen.  By  way 
of  an  example  we  will  examine  one  class  of  such  nitrogenous  com> 
pounds.  There  are  ammonium  salts,  R(CNH,Oj)  corresponding  with 
every  carboxylic  acid,  R(CHOj),  which  salts  contain  the  elements  of 
water  ;  this,  with  the  assistance  of  substances  taking  up  the  water,  may 
be  separated  with  formation  of  a  special  class  of  nitrogenous  organic, 
or,  as  they  are  termed,  cyanogen  compounds,  BCN,'"  because  the  group 
or  monovalent  residue,  or  radicle,  CN,  is  called  cyanogen.  From  this  the 
connection  of  the  most  varied  organic  compound.s  is  apparent,  and  it  is 
not  only  expressed  in  relation  to  their  composition  but  by  a  multitude 
of  reactions.  It  is  most  impui-tant  to  turn  our  attention  to  the  two 
following  circumstances  :  (1)  We  have  already  noticed  the  various 
mutual  transformations  of  the  simplest  organic  acids,  clearly  explained 
by  the  existence  of  carbiixyl  in  their  composition.  In  a  similar  way,  in 
many  reactions,  tlie  various  cyanogen  compounds  undergo  mutual 
transformation,  especially  hydrocyanic  acid,  H(CN),  corresponding 
with  formic  acid,  H(CHOj) ;  cyanic  acid,  OH(CN),  corresponding  to 
carbonic  acid,  OH(CHO,)  ;  and  cyanogen,  (CN)j,  corresponding  with 
oxalic  acid,  (CKOj)j.  The  mutual  transitions  of  cyanogen  coiupoands 
into  one  another  were  known  much  earlier  than  the  doctrine  of 
carboxylic  acids,  and   therefore    Gay-Luasac  acknowledged  cyanogen. 


bTdtocarbonn  by  lo 
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CN,  OS  the  radicle  of  cyanic  acid  or  hytirocyanic  scid,  HCN,  form*  J 
ing  salts,  for  instance  of  mercury,  which  latter  on  being  heated,  aa  I 
Gay-Lussac  showed,  gives  cyanogen  itself,  (CN),.     (2)  As  the  ami 
niuin  salt  of  a  carboxylic  acid,  H(C'NK,0]),  contains  the  elements  ot-t 
two  molecules  of  water,  and  molecular  iiuaiitities  are  those  which  ad 
in  reactions  ;  then,  previously  to  forming  a  cyanogen  compound,  oi 
nitrite,  by  parting  with  two  molecules  water,  iin  ammonium  salt  ought  t< 
form  an  amide  by  losing  one  molecule  of  water  :  R(C05NH,) — H^O^ 
R(CNHjO).  Amides  are  therefore  compounds  coatuimiig  the  univalent 
amide  residue,  NHj,  of  ammonia,  or  a  conipound,  COXj,  in  which  one 
X^R  and  the  other^NHj.    Such  are,  for  instance,  formamide,  or  ths  i 
amide  of  formic  acid,  (CO)H(NH,),  or  H(COHHj).     The  amides  com-  * 
pose  a  most  numerous  series  of  nitrogen  compounds,  and  are  obtained 
in  many  ways ;  -"  they  are  met  with  iu  plants  and  animals,  and,  as 
hiis  already  been  shown,  by  parting  with  water  they  form  nitriles  or 
cyanogen  comjjoundB,  so  that  they  serve  as  transitional  teems  between 
R(COjNH,)  and  RCN.    The  varieties,  reactions,  and  properties  of  the 
amides  and  tiitriles  of  organic  acidij,  and  therefore  also  of  cyanogen 
compounds,  are,  as  carbon  compounds,  examined  in  gi«ater  detail  in   , 
organic  chemistry,  and  here  we  will  only  dwell  on  the  simplest  of  them ;    , 
and,  in  order  to  clearly  explain  the  derived  ammonia  compounds,  w 
will  first  dwell  on  the  ammonium  salts  and  amides  of  carlxmic  acids. 

As  carbonic  acid  is  bibasic,  its  ammonium  salts  ought  ta  have  the  fol- 
lowing composition;  acid carlionate  <[f' ammonium,  H(NHi)COj,  and  the 
lUrrmid  earlionate,  (NHj)jCOj  ;  they  represent  compiiunds  of  one  or  two  ■ 
molecules  of  ammonia  with  carbonic  acid.  The  acid  salt  appears  in  the 
form  of  a  non<odoriferouB  and  (when  tested  with  litmus)  neutral  sub- 
stance, soluble  at  the  ordinary  temperature  in  six  parts  of  water,  in- 
soluble ill  alcohol,  and  obtainable  in  a  crystalline  fonn  either  without  j 
water  of  crystallisation  or  with  various  proportions  of  it.  If  an 
aqueous  solution  of  ammonia  be  saturated  with  carbonic  anhydride, 
and  then  evaporated  over  sulphuric  acid  in  the  bell  jar  of  an  air-pump, 
crystals  of  this  salt  are  separateii.  Solutions  of  all  other  ammonium 
carbonates,  when  evapopated  under  the  air-pump,  yield  crystals  of  thia 
salt.  A  solution  of  this  salt,  even  at  the  ordinary  temperature,  gives 
olf  carbonic  anhydride,  as  do  all  the  acid  salts  of  carbonic  acid  (for  ] 


s  yield  unmouUi  >nd  Cirm  Iho 
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instance,  NaHCOj),  and  at  38°  the  sepanition  of  carbonic  anhydride 
takes  place  with  great  rapidity.  For  thia  reason  the  formation  of  the 
acid  salt  in  the  solution,  and  the  evaporation,  must  be  conducted  at  a. 
low  temperature,  and  tinlh  an  taxeaa  of  carbonic  acid,  as  the  product  of 
dissociation  of  this  salt.  On  /onivg  carbonic  ankydridi'  and  water, 
the  acid  salt  is  converted  into  the  normal  salt,  2(NH,)HC03= 
HjO  +  C02  +  (SH,)jC03  ;  the  latter,  however,  decomposes  in  solution, 
and  therefore  can  only  be  obtained  in  cryst^ils,  (N"Hj)aCOj,HjO,  at 
low  temperatures,  and  from  solutions  containing  on  exccm  of  ammo- 
nia as  the  product  of  dissociation  of  this  salt ;  (NH,),COj  = 
NHj  +  (NH,)HC03,  But  the  normal  salt,"  according  to  the  general 
type,  is  capable  of  decomposing  iviih  gf/iaration  of  water,  and  forming 
ammonium  carbamate,  NH,0{CONH,)=(NH,)2COs— H.,0  ;  this  still 
further  complicates  the  history  of  the  carlxinates  of  ammonium.  It  is 
evident  that,  in  reality,  on  clianging  the  quantity  of  water,  ammonia, 
and  carbonic  acid,  various  intermediate  salts  will  be  formed  con- 
taining mixtures  or  combiuatious  of  those  mentioned  above,  or,  in 
other  words,  various  states  of  equilibrium  of  reactions  reverse  to  one 
another  will  be  produced.  Thus  the  ordinary  commercial  rarbimait  of 
ammonia,  obtained  by  distillation  of  a  mixture  of  chalk  and  sulphate 
of  ammonia  (Chapter  VI.),  or  sal-ammoniac.  2NHjCl  +  CaC0,  = 
CaClj-t-(NH4).^C0j,  does  not  remain  as  a  normal  salt,  but,  through  loss 
of  part  of  the  ammonia,  partly  contains  the  acid  salt,  and,  through  loss 
of  water,containssomecarbamate,and  most  frequently  presents  the  com- 
position NHiO(CONH,)  +  20H(C0JNH^)  =  4NH3  +  300^4- ^HjO. 
Indeed,  this  salt,  from  having  under  various  conditions  parted  with 
ammonia,  carbonic  anhydride,  and  water,  does  not  present  a  constant 
fomposition,  and  ought  rather  to  be  regarded  as  a  mixture  of  acid  salt 
and  amide  salt.  The  latter  must  be  recognised  as  entering  into  the 
composition  of  the  ordinary  carbonate  of  ammonia,  because  it  contains 
less  water  than  is  required  for  the  normal  or  acid  salt  ;'■''  but  on  being 
dissolved  in  water  this  salt  gives  a  mixture  of  acid  and  normal  salts. 
Ammonium  carbamate  itself,  whose  composition  (and  formation)  i& 
equal  to  SNHg-l-COj,  when  dissolved  in  water,  does  not  entirely 
precipitate  a  calcium  salt,  for  instance  CaCl^,  which  produces  a  normal 
salt,  (NH,)3C0;, +CaCl.^=  2NH,C1  +  CaCO,,  probably  because  a  calcium 
carbamate  is  produced  which  is  soluble  in  water. 

"  The  uid  Hilt  (NH,)HCOj  oa  losing  WHter  ought  to  (omi  the  carboiylic  aetd, 
|NH,)HCO.j,  or,  bflWcr,  OH(CNH.,0).  hh  we  nrote  it  before  ;  but  it  ia  not  lormod,  vhicli 
is  acuoDtited  for  bj  the  instability  of  the  acid  salt  ttxelC.  CsrboDic  inbydride  is  glvoa 
off  and  itamoiiiu  is  prodaced,  vliioh  giraB  n  corboxylic  uamonium  hhU. 

"  In  tbenormilBalt.lJNSj-i-COi-t-HiO.in  tfaeuidsiLlt.NEl:  +  COi  +  H,0,batiatt 
commercilll  salt  to  8CO;  only  aHjO. 
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This  nuimoniuin  carbaniatfi  is  one  of  the  uost  remarkiihle  of  the  I 
ammoniuai  ctirbonates,  because  it  is  the  simplest  id  its  compositioo,  I 
and  is  easily  and  immediately  formeil  by  mixing  two  volumes  of  dry  I 
amnionia  with  one  volume  of  dry  carbonic  anhydride,  ^NHj+COj^  I 
NH,0(CONHi) ;  it  is  a  solid  subtitance,  smells  strongly  of  ammonia,  i 
attracts  moisture  from  the  air,  and  entirely  decomposes  at  60°.     The 
fact   of  this   decomposition   may  be  judged  ^^  hy  the    density  of  its 
vapour,  which  ^13  (HssI) ;  this  exactly  corresponds  with  the  density 
of  a    mixture  of   2  volumes  of  ammonia  and  1   volume  of  oarbonio 
anhydride.     It  is  easily  understood  that  such  a  combination  will  take 
place  with  any  ammonium  earlionat«  under  the  action  of  salts  which 
take  up  the  water — for  instance,  sodium  or  potassium  carbonate." 
ammonia  and  carbonic  anhydride  in  an  anhydrous  state  only  form  o 
compound,  COjSNHj,*"  ammonium  carbamate,  as  has  been   already   I 
atoted,  may  be  regarded  as  COX,,  -where  X  has  been  replaced  by  tha  i 
residues   NH.j  and  NH^O  (that  is,  HO  in  which  H  ia  replaced  hy   , 
KH,),  and  therefore  is  still  capable  of  losing  water  and  forming  the   { 
symmetrical  amide  CO(NII.j)j.     This  must  be  termed  carbamide. 
is  identical  with  urea,  CNjH^O,  which,  contained  in  the  urine  (about    ' 
2  per  cent,  in  human  urine),  is  for  the  higher  animals  (especially  the 
carnivorous)  the  ordinary  product  of  excretion  ■**  of  the  iiitrogenooi 
substances  found  in  the  organism.     If  ammonium  carbamate  be  heated  i 
to  140"  (in  a  sealed  tube,  Bazarnff),  or  if  carbonyl  chloride,  COClj,  j 
be  treated  with  amitjonia  (Natanson),  urea  wUI   be  obtained,    which  ] 


nincd  the  loUowing  densil 


I  Dt  the 


ofiiiniiioiiiaiDcarbuntH    ] 


HnCHtnunn  and  IsAmlirit  atndicd  the  dvaaitieacorreBptinding  witlieiceuni  NH^orCO^    j 
and  lound,  u  might  havo  bflsu  expected,  that  with  anch  hcchb  the  m».w  of  the  m11 
tanned  (in   >   solid  Ktatf)   incieaiieii  uid   Lhe    decompoiitiun  (truiallian  iota  rmpgnr)   J 

^^  Colf^ium  chloride  eiiten  iubo  donhLe  decompofiition  Kith  UQmoTi 
Acids  ((dt  inataace  sulphuric)  take    up    ammonia,  and  eat   Free  eaibanio  anhjrdridt;  ' 
alkalis  (for  inatanca,  potiwh)  take  np  carbonic  anhydride  and  net  (rei  " 

therefore,  for  removing   wnter  here  only   eodiiUQ    or    potiwsinra    carbonate    may  be 
taken. 

^  It  mnst  be  imaged  that  the  reaction  takes  place  at  flnt  betwecD  eijna!  Tolame* 
(Chnpter  VTI.) ;  bat  then  carbamic  acid,  HO(CNUiO),  is  prodnced,  vbich,  aa  an  asid, 
immediately  combines  with  the  uumonia,  forming  NH^OICNHgO). 

"  Urea  ii  nndoubledly  aprodnet  ol  the  oxidation  of  oomploi  nitrogenouB  matter! 
(albomia)  of  the  animal  body.  It  is  fonnd  in  the  blood.  It  in  abaorbed  from  the  blood  bj 
the  kidneys.  A  man  eicietes  abuut  50  grantB  of  urea  per  day.  An  a  derivative  of  car- 
bonic anhydride,  into  which  it  i<  readily  converted,  nrea  ia  in  ■  sense  a  product 
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ahowB  its  direct  connection  with  carbonic  acid— that  is,  the  presence  of 
carbonic  acid  and  amnioDia  in  it.  From  this  it  will  Ije  understood  how 
urea  during  the  putrefaction  of  urine  is  converted  into  ninmunium 
carbonate,  CN,^H40  +  HjO=COj  +  2NH3. 

Thus  ui-ea,  both  by  its  origiu  tmd  I'eactions,  is  an  amide  of  carbonic 
acid.  Hepresenting  as  it  does  ammonia  (two  molecules)  in  which  the 
hydrogen  (two  atoms)  is  replaced  by  the  bivalent  radicle  of  carbonic  acid, 
ui-ea  retains  the  property  of  ammonia  of  entering  into  combination, 
with  acida  (for  instance,  with  nitric  acid,  CNjHjO,HNO,),  with  bases 
(for  instance,  with  mercury  oxide),  and  with  salts  (for  instance,  sodium 
chloride,  BUimonium  chloride),  hut  it  has  no  alkaline  properties.  It  is 
soluble  in  water  without  change,  but  at  a  red  heat  loses  ammonia  and 
iormsci/iinic  aciV/,  CNHO.andiM  polyraeride,  cyanu?^  acirf,  C^N.^HjO^. 
The  first  is  a  nitrile  of  carbonic  acid — that  is  to  say,  is  a  cyanogen 
compound.  This  conformity  is  evident  from  the  fact  that  the  acid 
ammonium  carbonate,  OH(CNH,Oj),  on  parting  with  2HjO,  ought 
to  form  cyanic  acid,  CNOH.  There  is  a  relation  of  direct  poly- 
merisation between  cyanuric  acid  (a  solid,  crystalline,  and  very  stable 
substance)  and  cyanic  acid  (a  liquid,  very  unstable  substance,  easily 
changeable  in  several  ways).  Both  have  the  same  corapoaiti 
they  pass  one  into  another  at  different  temperatures.  If  crystals  of 
cyanuric  acid  be  heated  to  a  temperature,  t",  tlien  the  vapour  tensioi^ 
p,  in  millimetres  of  mercury  (Troost  and  Hautefeuille)  will  be  : 

(.  160%     170",     200%     250°,     300°,     350°. 

/>.    56,        68,       130,       220,       430,     1200. 

The  vu[ioui-  contains  cyanic  acid,  and,  if  it  be  rapidly  cooled,  it 
condenses  into  a  mobile  volatile  liquid  (specific  gravity  at  0°=1-14). 
If  the  liquid  cyanic  acid  be  gradually  heated,  it  passes  into  a  new 
amorphous  polymeride  (cyamelide),  which,  on  Iwing  heated,  like 
cyanuric  acid,  forms  vapours  of  cyanic  acid.  If  these  fumes  aro  heated 
above  150°,  they  directly  pass  into  cyanuric  acid.  Thus,  at  a  tempera- 
ture of  350°,  the  pressure  does  not  I'ise  above  1200  mm.  on  the  addi- 
tion of  vapours  of  cyanic  acid,  lecause  the  wliole  excess  is  transformed 
into  cyanuric  acid.  Therefore,  the  above-mentioned  figures  give  the 
tension  of  disaocijition  of  cyanuric  acid,  or  the  greatest  pressure  which 
the  vapours  of  HOCN  are  able  to  attain  at  a  given  temperature,  whilst 
at  a  greater  pressure,  or  by  the  introduction  of  a  large  mass  of  matter 
into  the  given  volume,  the  whole  of  the  escesa  is  converted  into 
cyanuric  acid.  The  properties  of  cyanic  acid  which  we  have  described 
were  principally  observed  by  Wohler,  and  clearly  show  the  /acu7/y  o/ 
polymeritm  of  cyanogen  compounds.     This  is  observed  in  many  other 
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cyanogen  derivatives,  and  is  regarded  as  the  consp<juence  of  the  above-  I 
mentioned  explanation  of  their  nature.  AH  cyanogen  compounds  tire  I 
nmniotiiuni  suits,  R{C'NH,0,),  deprived  of  water,  2H,0  ;  therefore  I 
their  molecules  ought  to  show  the  faculty  of  combining  with  two  molS'-  J 
cules  of  water  or  with  other  molecules  in  exchange  for  it  (for  instance,  j 
with  HjS,  or  HCl,  or  aHj,&c.),  and  are  therefore  capable  of  combining  | 
together.  The  combinutiou  of  molecules  of  the  same  kind  to  form  J 
more  complex  ones  is  nothing  else  but  polymerisation.'"  ] 

Besides  Iwing  a  substance  very  apt  to  form  polymerides,  cyanic  axiA    J 
presents  many  other  features  of  interest,  expounded  in  greater  detail    i 
in  organic  chemistry.     First  of  all,  the  transition  of  ammonium  cyanate    , 
into  urea  ought  to  bo  considered.      The  reason  is  that  the  salts  of    i 
cyanic  acid,  which  are  easily  split  up,  by  the  action  of  acids  and  even 
of  water,  into  ammonia  and  carbonic  anhydride,  are  procIuce<l  by  the 
oxidation  of  saline  metals,  as  we  shall  see  further   on.      Potassium    I 
cyanate,  KCNO,  for  instance,  is   most  often  obtaineil    in  this  way.    I 
Solutions    of    eyanates,    by    the    addition    of    sulphuric   acid,   yield 
cyanic  acid,  which,  however,  immediately  decomposes  :  CNHO+  H^O 
=C05  +  NHa.    A  solution  of  ammonium  cyanate,  CN(NH  JO.  behavea    I 
in   the  same   manner,  but   only  in    the   cold.      On    being   heated  it 
completely  changes,  because  it  is  transformed  into  urea.    The  composi-    | 
tion  of  both  substances  is  identical,  CNjHiO,  but  the  structure  or  dis-    I 
position  and  the  connection  between  the  elements  is  different :  in  the 
ammonium  cyanate  one  atom  of  nitrogen  exists  in  the  form  of  cyanogen,  i 
CN— that  is,  united  with  carbon — and  the  other  as  ammonium,  NH„    I 
but,  ae   cyanic   acid  contains  the  hydroxyl  radicle  of  carbonic  acid, 
OH(CN),  the  ammonium  in  this  salt  is  united  with  oxygen  ;  whilst  in 
urea  both  the  nitrogen  atoms  are  symmetrically  and  uniformly  disposed 
as  regards  the  radicle  C)  of  carbonic  acid  :    CO(NH,),.      For  this 
reason,  urea  is  much  more  stable  than  ammonium  cyanat«,  and  there- 
fore the  latter,  on  being  slightly  heated  in  aoluticm,  is  converted  into 


«°  Sunt  aa  the  aldehydes  (tor  itmbu 
CjH»0)  which  buve  lot  hyilrogBn. 

'The  aldehydeB  are  aUn  capable  et  e 
anil  of  polymoriiing,  (ormb[!aliBhtly-vi 


e.  C,;H,0.  pagp  HB)  i.n 
imbiiiatidn 


riliols  (toi 


itikpoly™ 


deB,whiGl 


Dngh  thcTs  are  aliio  many  stmiUr  phenmnena  [for  inituice,  ths  tranatniraalinn  of 
yellow  into  nd  phoaphoras,  the  InuiBition  of  DuinaineDa  into  metiUTinpiuneno,  Ac.)  of 
]ioIynieTi«tioii,  in  no  nther  cane  are  they  no  clearly  and  aimply  eipreuei)  w  in  cyaide 
ucid.  The  details  relating  li>  thin  UDBt  be  songht  for  in  treaCiM!«  on  organic  and 
theoretical  chemistry.  If  we  touch  nn  certain  nidee  of  this  qnenbion  it  ie  prinoipally  vjtli 
the  view  of  Bliowing  the  phenonienon  of  palyTaerfntlion  by  typical  eiunplM  (Lhia  i' 
mencin  being  tnet  with  more  frequently  tlinn  was  formerly  imagined,  He  Silica),  asd.  I 
alim  to  tbmi  (he  fwiully  which  cyanogen  derivatiie*  hare  of  fonDing-  tl 
cumponnda. 
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urwi,  Thi«  rerrmrkable  JKoraeric  tranMformation  was  discovered  by 
Wohliir  ill  1H2H,  It  had  an  important  historical  signification,  because 
At  that  tiiiM)  Huch  an  easy  formation  outside  the  organism  of  those 
Hii\mUmcim  which  are  met  with  in  it  was  quite  unexpected,  it  being  at 
that  tiitid  MU))p(mod  tliat  the  vital  force  of  the  organism  produced  sub- 
MtanooM  which  could  not  be  formed  outside  it.  But  in  addition  to  the 
abolition  of  thin  prenupposition,  the  easy  transition  of  NH4OCN  into 
C()(Nlly)y  Im  the  liest  example  of  the  transition  of  one  state  of 
atomic  (Kjuilibrium  into  another  more  stable  one.  Every  carboxyl 
aoid,  IKJOOll,  has  its  corresponding  amide,  RCONHg,"**  and 
nitrilo,  aN  is  the  case  with  carbonic  acid.  In  this  way,  formamide, 
I  ICON  11^,  and  hydtocyanio  acid,  HON,  as  a  nitrile,  correspond 
with  formic  acid,  HCOOH,  and  therefore  ammonium  formate, 
HOOONlIi,  and  formamide,  under  the  action  of  heat  and  substances 
which  take  up  water  (phosphoric  anhydride),  form  hydrocyanic  acid, 
J  ION,  whilst,  under  many  conditions  (for  instance,  on  combining  with 
hydrochloric  acid  in  presence  of  water),  this  hydrocyanic  acid  forms 
foriuio  acid  and  ammonia.  Although  containing  hydrogen  in  the 
pi'osonoa  of  twt»  acid-forming  elements — namely,  carbon  and  nitrogen  ^* 
<^hydnH)yauic  acid  dixvi  not  give  an  acid  reaction  with  litmus  (cyanic 
HkM  has  vory  marked  acid  properties),  but  /amis  saitSy  MCN^  and 
U\<^rt^foro  prt^outs  tlie  properties  of  a  feeble  acid,  and  for  this  reason  is 
iViUiHl  an  (Iom/.  The  small  amount  of  energy  which  it  has  is  shown 
by  W\<^  faot  tliat  tlie  oyanitles  of  the  alkali  metals — for  instance,  potas- 
aium  oyanidt*(Kll04  HCNs=H,0-|-KCN)  in  solution — have  a  strongly 

♦*  'rh«»  tu«g\>ril>f  \>X  Ww  ^muW  vx\nv*iKvndiwg  wiUi  Acidiii,  beiu^:  represented  by  the  com- 
|M>«ilu\)\  UNH^  v%»ry  «m*ily  umW^^^>  ih*»  inv<»rT»  eluui^  ;  they  cv^mbine  with  water,  eren 
\ir\\«^u  «iitM\4Y  IhuUs)  with  il« luul  »liU  ui^vr>»  »i> under  ihe  ift<*tiv>Q  i>f  tdkahs  *itd  ncid:^  Ammnnij^ 
i«  «»v\U\tH\  by  lh«^  «oli\\i\  iv(  iUkiUi»  im  *mid««s  UAlundh*  in  rirtue  vvf  the  water  combining 
w^lh  the  axuhUs  »u  advlituui  K»  which  ther^  is  (\>nned  a  salt  i\f  the  acid,  which  had  served  to 
fvMT^w  lht»  aiuixW  a\xxM\l\i\|:  lo  the  equ*ti\>u :  RNH^ ^  KHO  =  RKO  t  NH3.  The  sj&me  thing 
k^ipa  )vUc«  uu\K^  ||h»  aclivm  ivl  aci\i««  iv&ly.  naturwlly.  an  anuu«uiium  salt  of  the  given 
MHsi  \«  Kvr%iHHi>  aiH^  Ihe  aci\l«  (vrevHHisly  in  the  coKKiiti\>n  vxf  ai\  amide.  >e(>arate>  in  the 
hw  »I*W:  KNMt^Min*-MfO-  KHO-kXH^OK  Thus  the  amide*,  in  the  luajority  of 
\«4k«««k  eaaily  )VMi»  b*ck  \uK>  aiunHMUttui  sudv^  m  the  {^n^sence  v>£  water.  alkal:>^  aztd  acids ; 
^1  iWy  vUff«Nr  m  a  WMUrked  way  ttv>«a  them.  Nv>ne  v>f  the  amuKuiium  >ah>  are  distiUable, 
«Kvr  \\4aUh^  w\llKHkl  cHaim^^;  i«  nK>«l  c«iuise«  attuiK>ata  sidts.  <.>a  betn^  he^te^L  !<.>»e  w^^ter 
<MkI  Kvrva  amtNW  ;  mmu^  aiwtKlea  w>Ulxlt:M'  without  chan^.  and  A>me:i:i;:e^  are  crr^^alluM 
w4aUW  si^btO^MikceA  e**tly  di*iUW.  5^*h  aWs  K>r  iasSAOce.  the  ara^ie>  v  f  acectc.  beaxoic. 
^vt^K\  a*Kl  a  W^  m^MaUwr  v>l  v>lKer  K>c^pM3tk'  acfivl$.  JiK^Ja^  frv-c:  the  rrwvd-i:^  fact*. 
AMM«I^  WA>  W  tifi^?ar«li«4  **  •c**!*  KH^.\  ta  whiich  the  htvfcc\»ij;  HO  .'^  rvrlicvxi  by  tbe 
(Ma^Ksuita  r«..tK4e  vaM>Jk>K>r«'  NH^ 

•»  U  ai*i>ttv'*Ma  a»d  wetKaaee  ttiwan$h  |^tiy»  *Jo  »o«  *how  aay  *cid  rr-.-cvrti^rr^  :':la;  b*  .2  aII 
y«\<^K^)>  vhfte  K»  the  ^«>i*»«c*  d  a  Wtj^r  aancstat  o^  hyxKvyec  js  cxci .  be:  -:i  hy^i::*.^ 
c>i«atv  *stvi  x»«»e  aK***  ssf  h,yd«v>ce«  w  watiiiNr  tb»i»  iaL±«eaK'v  v-i  twv  *c;d  ^.rrrz  r^  tfl-irwaisc 
Xce<>U«6e»  v\vH>  w^viJi  vXMi^iikJfe^  Kt*  ^«jir  h^>i:vi;^WL  lOKwtr;^  acoi  pcvc»!rij«r>  .^  v-^rsaia. 
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alkiiliae  reaction."  If  nmmonift  be  passed  over  cliai'coal  at  ii  red  heat, 
especially  in  the  presence  of  an  alkali,  or  if  gaseous  nitrogen  be  piissed 
through  a  mixture  of  oharcnjiJ  and  an  alkali  (eapeciaUy  potash,  KHO), 
and  also  if  a  mixture  of  nitrogenous  organic  substances  and  alkali  Ym 
heated  to  a  red  heat,  in  all  these  cases  the  alkali  metal  combines  with  the 
*arbon  and  nitrogen,  forming  a  metallic  cyanide,  MCN — for  example, 
KCN.  Potassium  cyanide  is  much  used  in  the  arts,  and  is  obtained, 
as  al>ove  stated,  under  many  circumstances — as,  for  instance,  in  iron 
smelting,  especially  with  the  assistance  of  wood  charcoal,  the  ash  of 
which  contains  much  potash.  The  nitrogen  of  the  air,  the  alkali  of  the 
ash,  and  the  charcoal  are  bi'ought  into  contact  at  a  high  temperature 
during  iron  smelting,  and  therefore,  under  these  conditions,  a  consider- 
able cjuantity  of  potassium  cyanide  is  formed.  In  practice  it  is  not  usual 
to  prepare  potassium  cyanide  directly,  but  a  peculiar  compound  of  it 
containing  pota^ium,  iron,  and  cyanogen.  This  compound  is  potassium 
ferrocyanide,  and  is  also  known  as  yellow  jtruitiale  of  potash,  because 
with  ferric  salts  it  forms  a  blue  colour— Prussian  blue.  This  saline 
substance,  having  the  comprisition  K^FeCsN^  +  SHjO,  is  prepared  on 
the  large  scale  in  cast-iron  pots  (the  iron  of  which  enters  into  tlie  suit), 
by  heating  with  alkali  leather  cuttings,  horn  filings  and  shavings, 
and  simildr  animal  matter,  composed  of  complex  organic  substances 
containing  carbon  and  nitrogen  ;  the  alkali  which  is  added  is  com- 
posed of  potashes  containing  potassium  ;  thus  all  the  necessary  ele- 
ments for  producing  the  yellow  prussiate  are  brought  into  contact  at  a 
high  temperature,  and  the  above-mentioned  substance  is  formed. 
The  name  of  cyanogen  (ki'uvo!)  is  derived  from  the  property  which 
the  yellow  prussiate  possesses  of  forming,  with  a  solution  of  a  ferric 
salt,  FeXj,  the  familiar  pigment  Prussian  blue.  The  yellow  prussiate 
is  generally  used  as  the  source  of  the  other  cyanogen  compounds 
(Ijecause  it  is  manufacturetl  on  a  large  scale),  and  we  will  therefore 
describe  the  method  of  forming  the  cyanogen  compouud.s  derived 
fnim  it. 

If  yellow  prussiate  be  mixed  with  two  parts  of  water  and  three- 


^^  SolDtionH  of  cjuiidei^— for  itiut&nw,  of  thoii^  of  potAs^uui  or  bannm — are  dvcoiO' 
>neil  ly  carbonic  uid.  Even  tlie  cubonic  uiliydnde  oF  the  ur  iict«  in  a  sitmlu:  waj, 
id  fcir  IhiB  rcmon  theae  Bolationi)  An  not  ktwji,  becaane,  in  tlic  fiml.  plaoe.  frep  b;dn>- 
anic  acid  iUell  decomposed  uid  pnlynieriKB.  and,  in  the  second  pliuw,  vith  alluUne 
inidm  it  forme  uamoDui  and  formif  ticid.  Hjdrocjuiic  utid  does  not  libenile  uarbDnic 
ihjdride  from  HQlnEione  of  sailium  or  potuainm  onrbonftbea.     But  a  mixture  of  Hlutiun* 

potOflBintii  curhomile  ud  hydrwyMuc  iwid  fields  carbonic  uihydrido  on  the  addition 
oxiilw  Bimilar  to  line  oiide,  mercnric  oiide.  i!C.  Thii  is  dne  Ig  th«  gre»t  iticUnnlion 
lich  the  eyanidea  erince  to  form  donlile  BUlta,  For  inatJince,  ZiiK„(CN!,  is  formed, 
liich  is  a  kind  of  aolahle  doobie  sail. 
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urea.  This  remarkable  isomeric  transformation  was  discovered  by 
Wtililer  in  1828.  It  had  an  important  historical  sigiiificatioD,  because 
at  that  time  such  an  easy  formation  outside  the  organism  of  those 
Bubstancea  which  are  met  with  in  it  was  quite  unexpected,  it  being  at 
that  time  supposed  that  the  vital  force  of  the  organism  produced  sub- 
stances  which  could  not  be  formed  outside  it.  But  in  addition  to  the 
abolition  of  tliiB  presupposition,  the  easy  transition  of  NH,OCN  into 
C0(NH5)j  IB  the  best  example  of  the  transition  of  one  state  of 
atomic  equilibrium  into  another  more  stable  one.  Every  carboxyl 
acid,  RCOOH,  has  its  corresponding  amide,  RCONHj,*'  and 
nitrile,  as  is  the  case  with  carbonic  acid.  In  this  way,  formamide, 
HCONH3,  and  hydrocyanic  acid,  HON,  as  a  nitrile,  correspond 
■with  formic  acid,  HCOOH,  and  therefore  ammonium  formate, 
HCOONHj,  and  formamide,  under  the  action  of  heat  and  substances 
which  take  up  water  (phosphoric  anhydride),  form  hydrocyanic  acid, 
HCN,  whilst,  under  luany  conditions  (for  instance,  on  combining  with 
hydrochloric  acid  in  presence  of  water),  this  hydrocyanic  acid  forms 
formic  acid  and  ammonia.  Although  containing  hydrogen  in  the 
presence  of  two  acid- forming  elements — namely,  carbon  and  nitrogen** 
— hydrocyanic  acid  does  not  give  an  acid  reaction  with  litmus  (cyanic 
acid  has  very  marked  acid  properties),  hu-l  forint  salts,  MCN,  and 
therefore  presents  the  properties  of  a  feeble  acid,  and  for  this  reason  is 
called  an  ntt'd.  Tlie  small  amount  of  energy  which  it  has  is  shown 
by  the  fact  that  the  cyanides  of  the  alkali  metals — for  instance,  potas- 
sium cyanide(KHO  -f  HCN  =H,0  -H  K.CN)  in  solution— have  «  strongly 
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form  the  amide  acuordinn  to  the  eqnation :  RNH,  -t-  KHO  =  HKO  i-  NHj.  The  uuae  thing 
tiakea  phu!«  onder  the  action  ol  acids,  only,  naturally,  an  onunnniom  salt  of  the  giTBD 
ftoid  is  formed,  and  tbo  acid.  preTionsly  in  the  condition  of  an  amide,  separates  ui  Uu 
free  aUte:  BNH,4-HCl-(-HjO  =  RHO  +  NH,Cl.  Thns  the  amides,  in  the  majority  of 
cases,  esaily  pasB  back  into  anunoniam  saltH  in  the  presence  of  water,  alkalis,  and  acids ; 
but  they  diller  in  a  marked  way  from  them.  None  of  the  ammouinm  Halts  are  distillabia, 
nor  volatiliiie  without  ohange;  in  moat  Danes  ammonia  salta,  on  being  heated,  loBO  water 
and  form  amides  ;  many  omidea  volatilise  witbont  change,  and  sometimeB  are  crystalliDB 
volatile  Babaluices  easily  ^stilled.  Such  are.  for  instance,  the  amides  of  acetic,  benioio, 
formic,  and  a  large  number  of  other  orgamc  acids.  Judging  from  the  prueediDfC  facts, 
amides  may  be  regarded  aa  aoids  RHO,  in  which  the  hydroiyl  HO  in  replaced  by  the 
ammonia  radicle  (amidogea)  NHj. 

**  If  ammonia  and  methane  (marsh  gas)  do  not  show  any  avid  ptopertiea,  tbat  is  in  all 
prabahility  due  to  the  preeeuce  of  a  large  amount  of  hydrogen  in  both :  but  in  hydjo- 
eyanic  acid  one  atom  of  hydrogen  ia  under  the  influence  of  two  acid-forming  elements. 
Acetylene,  CjH,.  which  ooolaina  lint  little  hydrogon,  presents  neid  propertJe«  in 
respects,  beconae  its  hydmgen  is  easily  replaced  by  metals. 
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alkaline  reaction.*'''     It  ammonia  be  jiassed  over  ciiarcoal  at  a  red  heat, 
especially  in  the  presence  of  an  ftlknli,  or  if  gaseous  nitrogen  be  passed 
through  a  mixture  of  charccNiI  and  an  alkali  (especially  potash,  KHO), ' 
and  also  if  a  mixture  of  iiitrogeiiouB  organic  substances  and  alkali  he 
heated  to  a  red  heat,  in  all  these  eases  the  alkali  metal  combines  with  the 
«arbon  and  nitrogen,  forming  a  metallic  cyanide,  MCN — for  example, 
KCN.     Potassium  cyanide  is  much  used  in  the  arts,  and  is  obtained,  ' 
as  above  stated,  under  many  circumstauties— us,  for  instance,  in  iron 
smelting,  especially  with  the  assistance  of  wood  charcoal,  the  ash  of 
which  contains  much  potash.     The  nitrogen  of  the  air,  the  alkali  of  the    , 
ash,  and  the  charcoal  are  brought  into  contact  at  n  high  temperature 
during  iron  smelting,  and  therefore,  under  these  conditions,  a  consider- 
able quantity  of  potaGsium  cyanide  is  formed.     In  practice  it  is  not  usual 
to  prepare  potassium  cyanide  directly,  but  a  peculiar  compound  of  it 
containing  potassium,  iron,  and  cyanogen.    This  compound  is  potassium 
ferrocyanide,  and  ia  also  known  as  ye/low  prusa'uile  of  potash,  becauss    , 
with  ferric  salts  it  forms  a  blue  colour — Prussian  blue.     This  saline    ' 
substance,  having  the  com  position  K,FeC6N(,-|-3HjO,  is  prepared  on   \ 
the  large  scale  in  cast-irou  pots  (the  iron  of  which  enters  into  the  salt),    ' 
by  heating  with   alkali  leather  cuttings,   horn  filings   and  shavings,    i 
and  similar  animal  matter,  composed  of  complex  organic  substimcea 
containing  carbon  and  nitrogen  ;  the   alkali  which    is  added  is  com- 
posed of   potashes  containing  potassium  ;  thus  all   the  necessary  ele- 
ments for  producing  the  yellow  prussiate  are  brought  into  contact  at  a 
high    temperature,    and    the  above-mentioned    substance   is  formed. 
The  name  of  cyanogen  («™™s)  is  derived  from    the  property  which 
the  yellow  prussiate  possesses  of  forming,  with  a  solution  of  a  ferrio   | 
salt,  FeXj,  the  familiar  pigment  Prussian  blue.     The  yellow  prussiate 
is  generally  used  as  the   source  of    the   other  cyanogen  compounds 
(because  it  is  manufactured  on  a  large  scale),  and  we  will  therefore 
describe   the   method   of   forming   the   cyanogen   compounds   derived 
fn.m  it. 

If  yellow  prussiate  he  mixed  with  two  parts  of  water  and  threo- 


■^  SoIutioDR  ol  cyuiidei — toi  instance,  of  those  uf  potiusiaiii  or  bariuui — are  duvom-  | 
\ioaed  bj  cnrboDic  uiid.  Even  the  carbonic  uihyilride  of  the  air  iLi:ti!  in  ■  aimiliu'  wk]r, 
und  lor  Uiis  reman  those  solutionii  do  not  keep,  beoaun,  in  tbe  Rnit  jilue.  tree  hjdro- 
t-yanlu  acid  itself  decomiKHieB  and  polymeiiae*.  uid,  in  the  secwnd  pLuse,  with  allnliM 
Uijaiil«  it  lurmB  ammonu  Mid  lonnic  ncid.  Hfdiorjuiio  aoid  does  not  libente  curbanic 
■nhydiide  from  Bolation*  of  Bodioni  or  poUasinin  oarbooiiteii.  Batmniiitnreot  ■olotions 
of  potasiiain  cikrbon&te  and  hiidrocTiinio  Kid  field*  cubonio  uihjdride  on  the  additdon 
a1  oiidea  siiuiliu  to  dnc  oxide,  mercuric  oxide.  i£c.    Thii  in  due  to  the  gtetl  inulinatioa 

.nidea  ennce  to  lomi  double  aaUb.     Fur  inBtuni^e,  ZnK.j(CN),  ia  tornied,  g 
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ind  ot  cohibte  doable  ult. 


VOL.  1, 


Bt) 


402  PRINCIPLES    OF  CHEmSTRY 

quarter  part  of  sulphuric  acid,  and  the  mixture  be  heated,  it  decom- 
poses, volatile  hydrocyanic  acid  separating.  This  was  obtained  for 
the  first  time  by  Scheele  in  1782,  but  it  was  only  known  to  him  in 
solution.  In  1809  Ittner  prepared  anhydrous  prussic  acid,  and  in 
1815  Gay-Lussac  finally  settled  its  properties  and  showed  that  it  con- 
tains only  hydrogen,  carbon,  and  nitrogen,  CNH.  If  the  distillate  be 
redistilled  (a  weak  solution  of  HON),  and  the  first  part  be  collected, 
the  anhydrous  acid  may  be  prepared  from  this  stronger  solution.  In 
order  to  do  this,  pieces  of  calcium  chloride  are  added  to  the  concentrated 
solution,  and  the  anhydrous  acid  floats  as  a  separate  layer,  because  it 
is  not  soluble  in  an  aqueous  solution  of  calcium  chloride.  If  this  layer 
be  then  distilled  over  a  new  portion  of  calcium  chloride  at  the  lowest 
temperature  possible,  the  prussic  acid  may  be  obtained  completely  free 
from  water.  It  is,  however,  necessary  to  use  the  greatest  caution  in 
work  of  this  kind,  because  prussic  acid,  besides  being  extremely 
poisonous,  is  exceedingly  volatile.'*^ 

Anhydrous  prussic  acid  is  a  very  mobile  and  volatile  liquid  ;  its 
specific  gravity  is  0*697  at  18°  ;  at  lower  temperatures,  especially  when 
mixed  with  a  small  quantity  of  water,  it  easily  congeals  ;  it  boils  at  26°, 
and  therefore  very  easily  evaporates,  and  at  ordinary  temperatures 
may  be  regarded  as  a  gas.  On  this  account  the  greatest  caution  is 
necessary  in  dealing  with  it,  as  an  insignificant  amount,  when  inhaled 
or  brought  into  contact  with  the  skin,  causes  death.  It  is  soluble  in 
all  proportions  in  water,  alcohol,  and  ethei* ;  weak  aqueous  solutions 
are  used  in  medicine.^'* 


**  The  mixture  of  the  vapours  of  water  and  hydrocyanic  acid,  evolved  ou  luxating  yellow 
prussiatc  with  sulphuric  acid,  may  be  directly  passed  through  vessels  or  lubes  filled  witli 
calcium  chloride.  These  tubes  must  be  cooled,  because,  m  the  first  place,  hydrocyanic 
acid  easily  changes  on  being  heated,  and,  in  the  second  place,  the  calcium  chloride,  when 
warm,  would  absorb  less  water.  The  mixture  of  hydrocyanic  acid  and  atiueous  vapour 
on  passing  over  a  long  layer  of  calcium  chloride  gives  up  water,  and  hydrocyanic  acid 
alone  remains  in  the  vapour.  It  ought  to  be  cooled  as  carefully  as  possible  in  order 
to  bring  it  into  a  liquid  condition.  The  method  which  Gay-Lussac  employed  for  obtain- 
ing pure  hydrocyanic  acid  consisted  in  the  action  of  hydrochloric  acid  gas  on  mercuric 
cyanide.  The  latter  may  be  obtained  in  a  pure  state  if  a  solution  of  yellow  prussiate  be 
boiled  with  a  solution  of  mercuric  nitrate,  then  filtered  and  crystallised  Ijy  cooling  ;  the 
mercuric  cyanide  is  then  obtained  in  the  form  of  colourless  crystals  IIg(CN).j. 

If  a  strong  solution  of  hydrochloric  acid  be  poured  upon  these  crystals,  and  the  mix- 
ture of  vapours  evolved,  consisting  of  aqueous  vapour,  hydrochloric  acid,  and  hydrocyanic 
acid,  be  passed  through  a  tube  containing,  first  marble  (for  absorbing  the  hydrochloric 
acid),  and  then  lumps  of  calcium  chloride,  on  cooling,  the  hydroc;yanic  acid  will  be  con- 
densed. In  order  to  obtain  the  hydrocyanic  acid  in  an  anhydrous  fonn,  the  decomposition 
of  heated  mercury  cyanide  by  hydrogen  sulphide  may  be  made  use  of.  Here  the  sulphur 
and  cyanogen  change  places,  and  hydrocyanic  acid  and  mercury  sulphide  are  formed: 
Hg(CN).,  -f-  HoS  =  2HCN  +  HgS. 

**  A  weak  (up  to  2  p.c.)  aqueous  solution  of  hydrocyanic  acid  is  obtained  by  the  dis- 
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The  salts  MCN — for  insttiiicB,  potJissium,  sodium 
well  as  the  salts  M(CN)i — for  instance,  barium,  calcium,  mercury— are 
soluble  ill  water,  but  the  salts  of  manganese,  zinc,  lead,  and  manj  others 
are  insoluble  in  water.  They  form  double  salts  with  potassium  cyanide 
and  similar  metallic  cyanides,  an  example  of  which  we  will  consider  in 
a  further  description  of  the  yellow  prussiate.  Nut  only  are  some  of 
the  double  salts  remarkable  for  their  constancy  and  comparative 
titability,  but  so  also  are  the  soluble  salt  HgC^N,,  the  insoluble  silver 
cyanide  AgCN,  and  even  potassium  cyanide  in  the  a))sence  of  water. 
This  salt,"'  when  fused,  auta  as  a.  reducing  agent  with  its  elements,  K 
and  C,  and  oxidises  when  fused  with  lead  oxide,  forming  potasstuia 
cyanate,  KOCN,  which  establishes  the  connection  between  HCN  and 
OHCN — that  is,  between  the  nitriles  of  formic  and  carbonic  acids — 
which  connection  is  the  same  as  l>etween  the  acids  themselves,  because 
formic  acid,  on  oxidation,  yields  carbonic  acid.  The  relation  which 
exists  between  hydrocyanic  acid,  metallic  cyanides,  and  the  salts  of 
cyanic  acid,  aa  well  as  between  all  the  atjove- mentioned  compounds, 
may  be  expressed  by  granting  the  existence  of  a  radicle  in  them  con- 
taining carlion  and  nitrogen — cyanogen,  CN.  In  this  sense,  prusaio 
anid  is  hydrocyanic  acid,  and  cyanic  add  a  cyanogen  hydroxide,  in  , 
exactly  the  same  way  as  for  chlorine  we  have  hydrocldoric  acid,  HCl, 
and  hypochlorous  acid,  CIOH.  Free  cyanogen  ought  to  be  represented 
as  pmssic  acid  in  which  the  hydrogen  has  been  replaced  by  cyanogen,  . 
(CK),   or   CNCN.     This  composition,  judging  fi-om  what  has  been 

tillation  t>t  (certain  vegetable  HUbataDCe^.  The  so-c&lted  lunrel  wHter  in  pitrCicuW  «JiJoyi 
coDflideriLbli!  Dotorietj  Cnnn  it^  contAming  hydrcxfyanic  oeid-  It  ia  ohtaiimd  bj  the 
iit«>epiai{  Kad  diBtilliitioa  o[  laurel  leuvea.  A  aimilu  kind  ot  water  is  tormitd  bj  tbe 
iafusion  ui<l  distillution  ol  bitter  aJmcmda.  It  is  well  kaawn  tlmt  bitter  nlmondB  kre 
ItoiBonoiiB,  and  have  a,  peculiar  charauleriBtiic  taete.  This  bitter  taal«  in  doe  to  lbs 
presence  of  a  certain  aabstance  called  wnygdalin,  which  can  be  extracted  by  aloohoU 
Tbis  amjgdalin  decompoues  in  an  inCnsioii  nt  braised  olmanda,  forDiing  the  a 
bitter  almond  oi),  glucose,  and  hydrocyiuiio  aoid : 


C|oII.j;NO„        - 
Amygdalin  in 
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If  after  this  the  inliuian  of  bitter  almoiida  be  distilled  with  vater,  the  hydrocyanic  acid 
and  the  volatile  bitter  almond  oil  ore  curjed  over  with  the  sqoeous  rapoar.  The  htttoi 
is  insolable  in  water,  or  only  spariDgly  soluble,  while  the  hydrocyanic  ucid  retnuns  w  Ml 
nqaeoUB  solution.  Bitter  almond  water  Is  sjnuliu  to  laorel  water,  and  is  aned,  like  the 
former,  in  medicine,  naturally  only  in  small  cinantities,  because  a  considerable  unooDt 
has  poisoDouB  eltecta.  Perfectly  pure  auh jdroua  hydrocyauic  acid  keeps  without  change, 
just  like  the  weak  solutions,  but  Cbo  strong  aolations  only  keep  in  the  presence  of  other 
acids;  but  in  the  presence  of  many  admiituiec  these  solutions  easily  gire  a  brown 
polymeric  subulance,  which  is  alao  formed  from  a.  solution  o(  potassium  cyanide. 

«  Tliia  salt  will  be  deBcrilicd  ondi^r  potassiuui,  as  it  is  one  ol  Ihose  wiiioh  are  often 
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already  stated,  exactly  expresses  that  of  the  nitrile  of  oxalic  acid,  and, 
as  a  matter  of  fact,  oxalate  of  ammonia  and  the  amide  con'eKponding 
with  it  (oxamide),  on  being  lieated  with  phosphoric  anhydride,  which 
takes  up  the  water,  yield  cyanogen.  This  substance  is  also  produced 
by  simply  heating  same  of  the  metJillic  cyanides.  Mert;uric  cyanide 
is  particularly  adapted  for  this  purpose,  because  it  is  easily  obtained  in 
a  pure  state  and  ia  very  stable  in  a  separate  form.  If  mereuric  cyanide 
be  heated,  it  decomposes,  in  like  manner  to  mercury  oxide,  into  metallic 
mercury  and  cyanogen  :  HgCjNjtsHg+CjNi."  When  cyanogen  ia 
formed,  part  of  it  always  polymerises  into  a  dark  brown  insoluble 
substance  called  paracyanoyen,  capable  of  forming  cyanogen  when 
heated  to  redness.*'  Cyanogen  is  an  odorous,  culourlesa,  poisonouH 
gas,  easily  condensed  by  cooling  into  a  colourless  liquid,  insoluble  in 
water  and  having  a  specific  gravity  of  0-86.  It  boils  nt  about  — 21°, 
and  therefore  cyanogen  may  be  easily  condensed  into  a  liquid  by  a 
strong  freezing  mixture.  At  -  35°  liquid  cyanogen  solidities.  This  gas 
is  soluble  in  water  and  in  alcohol  to  a  considerable  extent — namely,  1 
volume  of  water  absorbs  as  much  as  4^  volumes,  and  alcohol  23  volumes. 
Cyanogen  resists  the  action  of  heat  without  decomposing,  but,  under 
the  action  of  the  electric  spark,  the  carbon  is  separated,  leaving  a 

*'  Foe  tUo  propAration  it  ianeuBBSMy  totako  completely  drymBrDuriccyuiide,biJcao»e 
when  henited  in  the  preaence  of  moislnre  it  gives  (umnonm,  csrbotiio  nnliydride,  uid 
hydracyiiDic  ucid.  Xnntei^  of  maicnria  cyajude,  a.  miiture  ot  perfectly  dry  yellow  pnu- 
uale  and  tnerruric  Bhlcride  may  be  need,  thea  duuble  damtupoaittim  mid  the  formation 
of  mercoric  eyiuiidu  take  place  in  the  retort,  BJlrer  cyanide  also  diseugageB  cyanogen 
on  bemg  healed. 

"  Pararyrtaogmi  is  a  brown  »nbBta]iee  having  the  componitiou  o(  cyanogen,  formed 
dnring  the  preparation  of  cyanogen  by  all  methodH,  and  remaining  aa  n  rer^idue.  Silver 
cyanide,  on  being  nlightly  heated,  fUHei,  and  on  being  Initber  heste>d  evolves  B  giu ;  in 
the  reaidne  a  considemble  qiunlity  or  paracyanc^en  ia  formed.  Here  it  ix  remarkable 
that  exactly  half  the  cyuDogen  becomBB  guwonii.  and  the  other  half  ia  trauHfortoed  into 
paracyanogen.  Metallic  silver  will  be  toand  in  the  renidne  with  Che  panuryanogeti ;  it 
mny  be  eitracled  with  mercary  at  nitric  avid,  which  does  not  act  on  paracyumgeo.  If 
paracyanogen  be  heated  in  a  vacunin,  it  decomponea,  forming  cyanogen;  but  here  the 
preHRire  ji  for  a  givcv  temperatnre  t  exceeds  the  determined  magnitude,  so  that  the 
phuDomenon  preaente  all  the  external  appeanince  of  a  physical  trausfarmation  into 
vapoor ;  but,  neverthelenH,  it  ia  a  compUtv  change  in  the  nature  of  the  aubatanue,  bnt 
limited  by  the^rotture  of  dinociaiion.t^te  saw  before  in  thetramifurmaliDnof  cyunorit: 
acid  into  hydrocyanic,  and  as  nnght  to  be  expected  from  the  fundamental  principles  of 
Trooat  and  Hautetenille  (IBGH)  found  that  (or  paracyauogun 
/  -  680*  B81=  (MIO=  ims^ 

p^     UO  lia  auK  IONS  mm. 

cyanogen  decompoaea  into  carbon  and  nitrogen, 
to  paracyanogen  commenceB  at  BSO",  and  at  notf* 
in  ot  the  firut  kind  i>  likened  to  evaporation,  then 
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volume  of  nitrogen  equal  to  the  volume  of  the  gas  taken.  As  it  con- 
tains carbon  it  bums,  and  the  colour  of  the  flame  ia  reddish- violet, 
which  is  due  to  the  presence  of  nitrogen,  all  compounds  of  which  impart 
more  or  less  of  this  reddish- violet  hue  to  the  flame.  During  the  com- 
bustion of  cyanogen,  carbonic  anhydride  and  nitrogen  are  formed. 
This  also  takes  place  in  the  eudiometer  with  oxygen  and  during  the 
action  of  cyanogen  on  many  oxides  at  a  red  heat. 

The  relation  of  cyanogen  to  the  metallic  cyanides  is  seen  not  only 
from  the  fact  that  it  is  formed  from  mercaric  cyanide,  but  also  by  its 
forming  cyanide  of  sodium  or  potassium  on  being  heated  with  sodium 
or  potassium,  the  sodium  or  potassium  taking  fire  in  the  cyanogen.  On 
heating  a  mixture  of  hydrogen  and  cyanogen  to  500°  (Berthelot),*' 
i>r  under  the  action  of  the  silent  discharge  (Boilleau),  hydrocyanic  acid 
is  formed,  so  that  the  reciprocity  of  the  transitions  does  not  leave  any 
doubt  in  the  matter  that  all  the  nitriles  of  the  organic  acids  contain 
cyanogen,  just  as  all  the  organic  acids  contain  carboxyl,  and  in  it  the 
elements  of  carbonic  anhydride.  Besides  the  amides,^  the  nitriles  (or 
cyanogen  compounds,  RCN),  and  nitro- compounds  (containing  the 
radicle  of  nitric  acid,  RNO,),  there  are  a  great  number  of  other  sub- 
stances containing,  at  the  same  time,  carbon  and  nitrogen,  particulars 
of  which  must  be  sought  for  in  special  works  on  organic  chemistry. 

*■  Cyanogen  (like  chlorino)  ia  absorbed  by  a  solntifin  o(  sodiom  liydroiide,  Bodinm 
cyanitie  and  cyanate  being  produced :  C.,N,  +  9NaHO  =  NaCN  +  CNNaO  +  HjO.  Hooever, 
the  latter  NUll  easily  decomposes,  just  as  also  part  ot  the  cyanogeu  liberated  by  heat  from 
ts  compounda  is  sabjected  to  a  more  complex  transformatioa. 

^  If  n  general,  compouudn  containing  the  radicle  NHj  are  called  amides,  some  ot  tha 
a  ea  ought  to  be  ranked  with  them ;  tliat  is,  the  hydrocarbons,  C,H,„,  in  which  (he 
1  )  Irogcn  a  replaced  by  NH,;  for  instance,  methyiamine,  CHvNU,,  aniline,  C„U,-NHi. 
S.  In  general  the  amines  represent  ammonia  in  which  part  or  all  of  the  hydroi^n  ia 
rpplactd  b\  hydrocarbon  radicles— such  as,  for  inatanca,  tci methyiamine  N(CH;):,,  They, 
1  ke  s  nmonia,  combine  with  acids  and  form  crystalline  salts.  Belated  substances  are 
SI  et  n  cs  met  with  in  nature,  and  bear  the  genera]  name  of  alkali/ida  ;  such  are,  for 
'ta  ce    luiiiino  in  cinchonu  bark  nicotine  in  tubncco.  d'c. 
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CHAPTER  X 

SODIUM   CHLORIDE — BERTHOLLET's   LAWS— HYDROCHLORIC   ACID 

In  the  preceding  chapters  we  have  become  acquainted  with  the  most 
important  properties  of  the  four  elements,  hydrogen,  oxygen,  nitrogen, 
and  carbon.  They  are  sometimes  termed  the  organogeiiSj  because  they 
enter  into  the  composition  of  organic  substances.  Their  mutual  com- 
binations may  serve  as  types  for  all  other  chemical  compounds — that  is, 
they  present  the  same  atomic  relations  (types,  forms,  or  grades  of 
combinations)   as   those   in   which   the   other  elements  also  combine 

together. 

Hydrogen,  HH,  or,  in  general,  HR. 

Water,         HjO,        „         „        HaR. 

Ammonia,  H3N,        „         „        H3R. 

Marsh  gas,  H4C,        „         „        H4R. 

One,  two,  three,  and  four  atoms  of  hydrogen  enter  into  these 
molecules  for  one  atom  of  another  element.  No  compounds  of  one 
atom  of  oxygen  with  three  or  four  atoms  of  hydrogen  are  known  ;  hence 
the  atom  of  oxygen  is  without  certain  properties  which  are  found  in 
the  atoms  of  carbon  and  nitrogen. 

The  faculty  of  an  element  to  form  a  compound  of  definite  composi- 
tion with  hydrogen  (or  an  element  analogous  to  it)  gives  the  possibility 
of  foretelling  the  composition  of  many  other  of  its  compounds.  Thus, 
if  we  know  that  an  element,  M,  combines  with  hydrogen,  forming  HM, 
and  not  forming  HjM,  H3M,  HnM„,  then  we  must  conclude,  on  the 
basis  of  the  law  of  substitution,  that  this  element  will  give  compounds 
MjO,  M3N,  MHO,  MH3C,  tkc.  Chlorine  is  an  example  of  this  kind. 
If  we  know  that  another  element,  R,  like  oxygen,  gives  with  hydrogen 
a  molecule,  HjR,  then  we  may  expect  that  it  will  form  compounds  like 
hydrogen  peroxide,  or  the  metallic  oxides,  or  carbonic  anhydride,  or 
carbonic  oxide,  and  others.  Sulphur  is  an  instance  of  this  kind. 
Hence  the  elements  may  be  classified  according  to  their  resemblance 
to  hydrogen,  oxygen,  nitrogen,  and  carbon,  and  in  conformity  with 
this  analogy  it  is  possible  to  foretell,  if  not  the  properties  (for  example, 
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the  acidity  or  basicity),  at  all  events,  the  coinpoaition '  of  their  coM- 
pounds.     This  forms  the  substance  of  the  conception  of  the  valency  or-  J 

'  But  it  is  impoaaible  to  foretell  kU  the  compounds  formed  by  an  olement  Erom  ila 
atomicity  or  vikleDC;,  because  the  atomidtj  of  the  elements  is  Yuiable,  and  (arthermore 
Uiia  Toriobilitj  in  not  identiciU  fur  ijifferent  elements.  !a  CO],  COX],  CHi,  and  the 
inaltitnde  of  carbon  compoundH  corresponding  with  tbem,  tho  C  is  qnadriralent,  but  id 
CO  either  the  carbon  mnst  be  taken  as  bivalent  or  the  atomioitj  ol  oiygen  be  accoimled 
aa  variable.  And  carbon,  nevertheleBH.  ia  an  eiatsple  of  on  element  which  jireaerveB  ita 
atomicity  to  »  greater  d^iee  thui  most  of  tbp  other  elementn.  Nitrogen  in  XHj,  NHjlOH), 
M,Os,  and  even  in  CI4U,  must  be  considered  as  trivalcnt,  but  in  MH(CI,  NOj(OH),  and 
in  all  their  correapunding  mmpoundtt  it  is  nooessarily  peutavsient.  In  N,0,  i!  tb« 
atomicity  of  oigen  ^  a,  nitrogen  has  on  uneven  atomicity  (1,  S,  R),  whilst  in  NO  it  ia 
bivalent.  If  sulphur  be  bivalent,  like  oiygen,  in  many  of  its  compounds  (for  eKomple, 
HgS,  8C1.„  ENS,  Arc),  then  it  could  not  be  foreseen  bom  (hi*  that  it  would  [orui  SQ^t 
SOj,  SC1„  SOCI3.  and  a  series  of  similar  compounds  in  which  it9  atomicity  miiat  b*. 
aokuowledged  as  greater  than  3.  Thaa  in  SOj,  sulphnrons  anhydride,  there  are  a  multi- 
tnde  of  poiuta  in  conuDon  with  CO,,  and  it  carbon  be  quadrivalent  then  the  S  in  80)  la  . 
qnadrivtdent.  Therefore  the  priuoiple  of  the  aWmioity  [valency)  ol  the  elements  cannofc.' 
be  eatabhabed  as  the  buaia  for  the  study  of  the  elements,  although  it  gives  an  Msy  prad- 
bility  lor  gnaping  many  snalc^es,  Althoagh  a  definite  atomicity  cannot  be  cousiderad 
as  a  radical  property  of  atoms  and  elements,  it  may,  however,  be  made  use  ot  with  grott 
advantage  in  investigating  the  compounds  of  such  elementa  as  cariHin,  because  carbon  in. 
all  its  asuol  compounds,  and  especially  in  the  saturated  compounds  and  those  appriMMtt. 
iug  tbem.  acts  as  a  quadrivalent  element.  1  consider  the  lour  following  as  the  chief 
obstacles  to  acknowledging  tlie  atomicity  of  theolemonls  as  a  primary  couteption  for  the 
consideration  of  the  properties  ot  the  elementa  ;  1.  Such  univalent  elements  as  H,  CI, 
Ac,  appear  in  a  free  atate  as  molacules  H,,  CI],  &c.,  and  are  consequently  like  the  oni- 
rolent  nidicJes  CH5,  OH,  COjH,  Ac,  which,  aa  might  be  expected,  appear  as  CiH«, 
OjHj,  CgOjH)  (ethane,  hydrogen  peroxide,  oxalic  acid),  whilst  on  the  other  hand,  potoa* 
sium  and  sodinm  (perhaps  also  Iodine  at  a  high  temperature)  contain  only  one  atom, 
K.  No,  m  tho  moleonle  in  a  free  state.  Hence  it  follows  that  free  afflnUiei  way  eii*(. 
And  then  nothing  obliges  as  not  to  admit  free  affinities  in  all  unsaturated  ccanpounds;  lor 
eiample,  it  may  be  said  that  in  CjUi  each  atom  ot  carbon  is  bound  to  the  other  by  onk 
affinity,  two  other  atBnities  holding  the  hydrogen,  and  that  the  fourth  affinity  of  eMh 
carbon  atom  is  free.  It  such  instances  ol  Iree  affinities  he  admitted,  then  all  tlie  possiUa 
advaiitAgea  to  be  gained  by  the  application  ol  the  doctrine  of  atomicity  (valency)  are 
lost.  9.  There  ore  instances^for  example,  XajH — where  univalent  elements  ore 
gathered  together  in  molecnlcs  which  ore  more  complex  than  Rj,  and  form  molecules, 
R],  Bi,  &e. :  which  may  again  be  either  taken  as  evidence  of  the  existence  of  free  affini- 
ties, nr  else  necessitates  such  primary  univalent  elements  as  sodium  and  bydrogeo  being 
considered  as  variable  in  their  atomicity.  S,  The  periodic  system  ot  the  elements,  with 
which  we  shall  alterwurds  become  acquainted,  shows  that  there  is  a  law  or  rule  for  the 
variation  of  the  forms  of  oiygen  and  hyilrogen  oompoands;  dilorine  is  univalent  with 
respect  to  hydrogeo,  and  septavalent  with  respect  to  oiygen'i  sulphur  is  bivalent  to 
hydrogen,  and  sexavalcnt  to  oxygen ;  phospboras  is  trivalenl  to  hydrogen  and  pent>- 
valent  in  respect  to  oxygen— the  nun  is  in  every  cose  equal  to  8.  Only  carbon  and  lU 
analogues  (foreiunple.  silicon)  are  quadrivalent  to  both  hydrogen  and  oxygen.  Hence  tU 
property  ot  the  elements  to  change  their  atomicity  lies  in  the  eawnce  ot  their  nature,  asd 
consequently  atomicity  cannot  be  considered  as  a  fundamental  property.  4.  Cryatallo- 
hydrates  (for  instance,  Naa,aH.,0,  or  NaBr,9B,0),  doable  salts  (lor  instance,  PtCI„3KCI, 
H.jSiFg,  &c,),  and  similar  complex  compounds  (and,  acoording  to  Chap.  I.,  solutions  alio) 
demonstrate  the  capacity  not  only  of  the  elements  tbemsel  ves,  but  also  ol  th 
and  limiting  componnds,  ot  entering  into  lurthsr  ciinibinalion.  Therelore  tl 
ol  a  definite  limited  atomicity  ol  the  elements  includes  in  itself  an  sdmision  of  li 
tioii  which  is  not  in  accordance  with  the  nature  of  chemical  reactions. 


* 
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atomieity  of  the  eUments.  Hydrogen  is  taken  as  the  representative 
of  the  univalent  elements,  giving  cpmpotinds,  RH,  R{OH),  R,0,  RCI, 
HjN,  RtC,  itc.  Oxygen,  in  that  fnrni  in  which  it  gives  water,  is  the 
representative  of  tlie  bivalent  elements,  forming  RHg,  RO,  RClj, 
RHCl,  R<0H)C1,  R(OH}„  RoC,  RCN,  Ac.  Nitrogen  in  ammonia  is 
the  representative  of  the  trivaleut  elements,  giving  compounds  RHa, 
RaO„  R{0H)3,  RCla,  RN,  RHC,  A-c.  In  carbon  is  expressed  the 
properties  of  the  quadrivalent  elements,  RH„  RO^,  RO{OH)j,  B(OH)j, 
RHN,  RC1„  RHCl^,  Ac.  We  meet  with  these  f&nia  of  QojiMnation 
or  aspects  of  union  of  atoms  in  all  other  elements,  some  being  analogous 
to  hydrogen,  others  to  oxygen,  and  others  to  nitrogen  or  to  carbon. 
But  besides  these  quantitative  analogies  or  resemblances,  which 
are  foretold  by  the  law  of  substitution  (Chapter  VI.),  there  exist 
among  the  elements  qualitative  analogies  and  relations  which  are  not 
exhausted  in  the  compounds  of  the  elements  wliich  liai-e  been  con- 
sidered, but  are  most  distinctly  expressed  in  the  formation  of  bases, 
acids,  and  salts  of  different  types  and  properties.  Therefore,  for  a 
complete  study  of  the  nature  of  the  elements  and  their  compounds  it 
is  especially  impoi-tant  to  become  acquainted  with  the  salt^  as  sub- 
stances of  a  peculiar  character,  corresponding  with  acids  and  bases. 
Common  table  salt,  or  sodium  chloride,  NaCl,  may  in  every  respect  l>e 
taken  as  a  type  of  salts  in  general,  and  therefore  we  will  pass  to  the 
consideration  of  this  substance,  of  hydrochloric  acid,  and  of  the  base 
sodium  hydroxide,  of  the  non-metal  cidorine,  and  the  metal  sodium, 
which  correspond  with  it. 

Sodium  chloride,  NaCl,  or  the  familiar  table  salt,  occurs  in  the 
primary  formations  of  the  earth's  crust,^  from  wliicli  it  is  washed  away 
by  the  atmospheric  waters,  and  is  held  in  small  quantities  in  all  waters 
flowing  through  these  formations,  and  is  in  this  manner  collected  in 
the  oceans  and  seas.  The  immense  mass  of  salt  in  the  oceans  has  been 
accumulated  by  this  process  from  the  remote  ages  of  the  earth's  crea- 


*  Tlia  primaTy  formations  are  tiioae  whicli  du  not  hem  ikny  dlatincl  tracts  of  likving 
bwQ  dvpositod  from  water  (h&ve  not  ft  stmtifinl  fofmation,  contain  no  remojaa  of 
uiimtil  or  Tegetalile  life),  occur  under  the  Bedimeotary  [ormaliona  of  the  earth,  and  ant 
evBrTwhere  uniforro  in  compoBition  and  htructure,  nhicli  in  generally  diBtinctlj  crystal- 
line.  U  the  origin  of  the  earth  were  of  a  molten  nature,  the  first  primary  farmatioiu 
are  those  which  formed  the  flrst  solid  cruit  of  the  earth.  But  even  with  this  hypothesis 
of  (he  cBJih'fl  origin,  it  is  necessary  to  admit  that  t^e  flrat  aqueous  deposits  must  h&ve 
re-formed  the  cruet  of  the  earth,  uid  therefore  onder  the  head  ol  the  prirouy  formations 
must  he  understood  the  most  ancient  of  the  products  of  decomposition  (munlly  by  atmo- 
spheric, sqaeonn,  nnd  organic  agency,  .t'c),  from  which  all  the  rocbs  and  substances  of 
tile  earth's  suifoce  have  arisen.  In  speaking  ol  the  origin  of  one  or  another  suliBtanoo, 
we  can  only,  on  the  basis  of  tacts,  descend  to  the  primary  fomiaUon,  of  which  grouite, 
gneiss,  and  trachyte  may  be  taken  us  examples. 
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tion,  becausp  the  water  hna  evaporated  from  them  while  the  salt  has  " 
remained  in  solution.     The  salt  of  sea  water  sei-ies  as  the  source 
only  for  its  direct  extraction,  but  also  for  tho  formation  o£  other  tnAsses 
of  workable  salt,  such  as  rock  salt  and  of  saline  springs  and  lakes. 

The  extraction  of  salt  Xrorn  »ea  voter  is  carried  on  in  several  wayi  1 
In  Bonthern  climes,  eapcciallj  on  the  shores  of  the  Atlantic  Ocean,  the    . 
Mediterranean  and  Black  Seas,  the  summer  beats  are  taken  advantage 
of.     A  convenient,  low-lying  sea  shore  is  chosen,  and  a  whole  series  of 
basins,  communicating  with  each  other,  are  constructed  along  it.     The 
upper  of  these  basins  are  filled  with  sea  water  by  pumping,  or  else 
advantage  ia  tjiken  of  high  tides.     These  basins  ai'e  sometimes  sepai-at^d   I 
from  the  sea  by  natural  sand-banks  (limans)  or  by  artificial  means,  and  [ 
in  April  the  water  alre-ady  begins  to  evaporate  considerably.     As  th*  I 
solution  becomes  more  concentrated,  it  is  run  into  the  succeeding  basing  [ 
and  the  upper  ones  are  supplied  with  a  fresh  quantity  of  sea  water,  or 
eiHe  an  arrangement  is  made  enabling  the  salt  water  to  flow  by  degrees 
through  the  series  of  basins.     It  is  evident  that  the  bed  of  the  basins 
should  be,  as  far  as  possible,  impervious  to  water,  and  for  this  purpose 
they  are  made  of  beaten  clay.     The  crystals  of  table  salt  begin  to 
separate  out  when  the  concentration  attains  28  p.c.  of  salt  {which  cor-  I 
responds  to  38°  of  Baumd's  hydrometer).    It  is  raked  off,  and  employed  I 
for  all  those  purposes  to  which  table  salt  is  applicable.    In  the  majoritf  J 
of  cases  only  the  first  half  of  the  sodium  chloride  which  can  be  separated*  J 
from  the  sea  water  is  extracted,  because  the  second  half  has  a  bittflrff 
taste,  from  the  presence  of  magnesium  salts  which  separate  out  together  ^ 
with  the  table  salt.     But  in  certain  Icicalities— as,  for  instance,  in  the  | 
estiuiry  of  tiie  Rhone,  on  the  island  of  Caniarga ' — the  c\-aporatioi 
carried  on  to  the  very  end,  in  oi'der  to  obtain  those  magnesium  and  J 
potassium  salts  which  separate  out  at  the  end  of  the  evaporation  of  si 
water.     Various  salts  are  separated  from  sea  water  in  its  evapoi'ation.   { 
In  the  water  of  oceans  (Chapter  I.)  there  is  held  so  large  an  amount  of 
sodium  chloride  that  on  evaporation  this  salt,  notwithstanding  its  great 
solubility  in  water,  soon  reaches  saturation  and  separates  out.     From 
100  parts  of  sea  water  there  separates  out,  by  natural  and  artificial 
evaporation,  about  one  part  of  tolerably  pure  table  salt  at  the  very  m 
commencement  of  the  operation  ;  the  total  amount  held  in  aolutioo.  I 


>  The  eitrmction  ot  Ibe  potuEiiuii  salts  (or  Kvolled  gumumr  wlta)  w 
nt  the  Isle  of  Cumargn  (bout  IMTO,  trhcD  I  hwl  occwiioti  to  viBit  that  spot.     It  I  mieUke 
Hot,  tbU  indDntry  ia  now  no  longer  curried  on,  becauno  thB  delBsita  ol  Btaaafurt  prorid* 
a  mucli  theaper  wll,  oning  to  the  evaporation  and  ceparatioa  of  the  salt  being  then    j 
carried  on  b;  natural  meant  and  only  reqoiiing  a  treatment  and  refining,  vhioh  I*  aUpil 
necvBttnty  ia  addition  for  the  '  immmer  wit '  obtained  from  tea  vater. 
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being  about  2^  p.c.  The  remaining  portion  of  the  table  salt  sepa- 
rates out,  intermixed  with  the  bitter  salts  of  magnesium  which  form 
the  chief  admixture  with  table  salt  in  sea  water.  These  salts  of 
magnesium,  owing  to  their  degree  of  solubility  and  the  small  amount  in 
which  they  are  present  (less  than  1  p.c),  only  separate  out,  in  the  first 
crystallisations,  in  traces  with  the  table  salt ;  whilst,  in  the  succeeding 
crystallisations,  they  are  deposited  together  with  the  table  salt.  Gypsum, 
or  calcium  sulphate,  CaS042Il20,  owing  to  its  sparing  solubility, 
separates  together  with  or  even  before  the  table  salt.  When  about 
half  of  the  table  salt  has  separated,  then,  on  further  evaporation,  the 
sea  water  gives  a  mixture  of  table  salt  and  magnesium  sulphate,  and, 
on  still  further  evaporation,  the  chlorides  of  potassium  and  magnesium 
begin  to  separate  in  a  state  of  combination,  forming  the  double  salt 
KMgCl3,6H20,  which  occurs  in  nature  as  carnallite.  This  is  a 
crystallo-hydrated  compound  of  KCl  and  MgCl2.'*  After  the  separa- 
tion of  this  salt  from  sea  water,  there  remains  a  mother  liquor,  con- 
taining a  large  amount  of  magnesium  chloride  in  admixture  with 
various  other  salts.*^  The  extraction  of  sea  salt  is  usually  carried  on 
for  the  purpose  of  procuring  table  salt,  and  therefore  directly  it  begins 
to  separate  mixed  with  a  considerable  proportion  ^  of  magnesium  salts 
(when  it  acquires  a  bitter  taste)  the  remaining  liquor  is  run  back  into 
the  sea. 

The  same  process  which  is  employed  for  artificially  obtaining  salt 
in  a  crystalline  form  from  sea  water  has  been  repeatedly  accomplished 
during  the  geological  evolution  of  the  earth  on  a  gigantic  scale ;  up- 
heavals of  the  earth  have  cut  off  portions  of  the  sea  from  the  remainder 
(as  the  Dead  Sea  was  formerly  a  part  of  the  Mediterranean,  and  the  Sea 

*  The  double  salt,  KCl,MgCl2,  is  only  formed  from  solutions  containing  an  excess 
of  magnesium  chloride,  because  water  decomposes  this  double  salt,  extracting  the  more 
soluble  magnesium  chloride  from  it. 

*  Owing  to  the  fundamental  property  of  salts  of  interchanging  their  metals,  it 
cannot  be  said  that  sea  water  contains  this  or  that  salt,  but  only  that  it  contains  certain 
amounts  of  certain  metals  M  (univalent  like  Na  and  K,  and  bivalent  hke  Mg  and  Ca),  and 
haloids  X  (univalent  like  CI,  Br,  and  bivalent  like  SO4,  CO3),  which  are  disposed  in 
every  possible  kind  of  grouping ;  for  instance,  K  as  KCl,  KBr,  K.2SO4,  Mg  as  MgClj, 
MgBr2,  MgS04,  and  so  on  for  all  the  other  metals.  In  evaporation  different  salts  separate 
out  consecutively  only  because  they  reach  saturation.  A  proof  of  this  may  be  seen  in 
the  fact  that  a  solution  of  a  mixture  of  sodium  chloride  and  magnesium  sulphate  (both 
of  which  salts  are  obtained  from  sea  water,  as  was  mentioned  above),  when  evaporated, 
separates  out  crystals  of  these  salts,  but  when  refrigerated  (if  the  solution  be  sufficiently 
saturated)  the  salt  Na.2SO4,10H2O  is  first  deposited  because  it  is  the  first  to  arrive  at 
saturation  at  low  temperatures.  Consequently,  this  solution  contains  MgClj  and  NaoSOi, 
besides  MgS04  and  NaCl.     So  it  is  with  sea  water. 

*  The  salt  extracted  from  water  is  piled  up  in  heaps  and  left  under  the  action  of 
rain  water,  which  purifies  the  salt,  owing  to  its  becoming  saturated  with  table- salt  and 
then  no  longer  dissolving  it,  but  washing  out  the  impurities. 
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of  Aril]  i>f  the  Cuspinn),  and  their  water  has  evaporated  and  formed  I 
(if  the  niasG  of  the  inflowing  fresh  water  were  less  than  that  of  the  j 
mass  evaporated)  deposits  of  rock  salt.      Tt  ia  always  accompanied   I 
by  gypgum,  becauae  the  latter  is  sepai'ated  fi'oiu  sea  water  before  thB 
sodium  chloride.     For  this  reason  rock  salt  may  always  be  looked  for   [ 
in  those  localities  where  there  are  deposits  of  gypsum.     But  inasmuch    ' 
as  the  gypsum  may  remain  on  the  spot  where  it  has  been  deposited  (iu 
it  is  a  sparingly  soluble  salt),  <ffhilat  the  rock  salt  (as  one  which  is  veiy  J 
soluble}  may  be  washed  awjiy  by  rain  or  fresh  running  water,  it  maj  ' 
sometimes  happen  that  although  gypsum  is  found  still  tiiere  may  bo  I 
no  salt ;  but,  on  the  other  hand,  where  there  is  rock  salt  there  will  ] 
alwaya  be  gypsum.     As  the  geological  changes  of  the  earth's  Surface  j 
are  atiU  proceeding  to  the  present  day,  so  in  the  midst  of  the  dry  land  ' 
salt  lakes  are  met  with,  which  are  sometimes  scattered  over  vast  dis- 
tricts formerly  covered  by  seas  now  dried  up.     Such  is  the  origin  of '1 
many  of  the  salt  lakes  about  the  lower  portions  of  the  Volga  and  in  the    , 
Kirghiz  steppes,  where  at  a  geological  epoch  preceding  the  present  the   | 
Aralo-Caspian  Sea  extended.     Such  are  the  BaskunchakBlcy  (i] 
Government  of  Astrakhan,  112  square  kilometres  superficial  area),  the 
Eltousky  (140  x-ersts  from  the  left  bank  of  the  Volga,  and  200  sijuare 
kilometres  in  superlicial  area),  and  upwards  of  TOO  other  salt  lakes 
lying  about  the  lower  portions  of  the  Volga.     In  those  in  which  the 
inflow  of  fresh  water  is  less  than  that  yearly  evaporated,  and  in  which 
the  concentration  of   the   solution    has  reached  saturation,  the  self- 
deposited  salt  is  found  already  deposited  on  their  beds,  or  is  being  yearly 
deposited  during  the  summer  months.    Certain  limans,  or  sea-side  lakes,  1 
of  the  Azoff  Sea  are  essentially  of  the  same  character — as,  for  instance,    | 
those  in  the  neighbourhood  of  Henichesk  and  Berdiansk.     The  saline  J 
soils  of  certain   Central  Asian   steppes,  which  -suffer  from   a  want  of'j 
atmospheric  fresh  water,  are  of  the  same  origin.     Their  salt  originally   , 
proceeded  from  the  salt  of  seas  which  previously  covered  these  localities    , 
-and  has  not  yet  been  washed  away  by  fresh  water.    The  main  result  of  I 
the  above  described  process  of  nature  is  the  formation  of  masses  of  rock 
salt,  which  are,  however,  being  gradually  washed  away  by  the  subsoil  | 
waters  flowing  in  their  neigh bourhooti,  anil  afterwards  rising  to  t 
surface  in  certain  places  as  »alui^  npnnffs,  which  indicate  tlie  presenoe  J 
of  masses  of  deposited  rock  salt  in  the  depths  of  the  earth.    If  the  sub- 
soil water  flows  along  a  strata  of  s.alt  for  a  sufficient  length  of  time  it 
becomes  saturated  ;  but  in  flowing  in  its  further  course  along  an  im- 
pervious strata  (clay)  it  becomes  diluted  by  the  fresh  water  leaking 
through  the  upper  soil,  and  therefore  the  greater  the  distance  of  si 
of  a  saline  spring  from  the  deposit  of  rock  salt,  the  poorer  will  it  be  ii 
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salt.  A  perfect K'-satunited  brine,  however,  may  be  procured  from  tlie 
depths  of  the  earth  by  means  of  bore  holes.  The  deposits  of  rock  salt 
themselves,  whicli  are  sometimes  hidden  at  great  depths  below  the 
earth's  strattt,  may  be  arrived  at  by  the  guidance  of  bore-holes  and  the 
arrangement  of  the  strata  of  the  district.  Deposits  of  rock  salt,  about 
35  metres  thick,  apd  20  metres  below  the  surface,  were  discovered  in  this 
manner  in  the  neighbouriiood  of  Briaustcheffky  and  SekonolTky,  in 
the  Bakhmut  district  of  the  Government  of  Ekaterinoslav.  Large 
qunntities  of  most  excellent  rock  salt  are  now  (since  1880)  won  from 
these  deposits,  whose  presence  was  indicated  by  the  neighbouring  salt 
springs  (near  Slainansk  and  Bakhmut),  and  bore-holea  which  had  been 
sank  at  these  localities  for  procuring  strong  (saturated)  brines.  But 
the  Stassfurt  deposits  of  rock  salt,  near  Maffdeburg  in  Germany,  are 
distinguished  as  being  the  first  discovered  in  this  manner,  and  for  their 
many  remarkable  peculiarities.'  The  considerable  distribution  of  saline 
springs  in  this  and  the  neighbouring  districts  suggested  tlie  presence 
of  deposits  of  rock  salt  in  the  near  vicinity.  Deep  bore-holes  sunk 
in  this  locality  in  fact  did  give  a  richer  brine— even  tfuite  saturated 
with  salt.  On  sinking  to  a  still  greater  depth,  the  deposits  of  salt- 
were  themselves  in  the  end  arrived  at.  But  the  first  salt  which 
met  with  was  a  bitter  salt  unfit  for  consumption,  and  which  was,  there- 
fore, called  i-efuse  salt  (abraumsafz).  On  sinking  still  deeper  through 
fresh  bands  of  earth,  vast  beds  of  real  rock  salt  were  struck.  Tn  this 
instance,  the  presence  of  these  upper  strata  containing  salts  of  potas- 
sium, magnesium,  and  sodium,  is  an  excellent  proof  of  the  formation  of 
rock  salt  from  sea  water.  It  ia  a  self-evident  fact  that  not  only  a  case 
of  evaporation  to  the  end^for  instance,  to  the  separation  of  camallite — 
but  also  the  conservation  of  such  soluble  salts  as  those  which  separate 
out  from  sea  water  after  the  sodium  chloride,  forms  a  very  excep- 
tional phenomenon,  which  is  not  repeated  in  all  deposits  of  rock  salt. 
The  Stassfurt  deposits,  therefore,  are  of  particular  interest,  not  only 
from  a  scientitie  point  of  view,  but  a!so  because  they  fonn  a  rich 
source  of  potassium  salts  which  have  many  practical  uses.    In  Western 
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Europe,  deposits  of  rock  salt  have  long  been  known  at  Wielicaka,  n 
Oracow,  and  at  Cardona  in  Spain.     In  Russia  the  following  deposits 
are  known  :  (i)  tlie  vast  masses  of  rock  salt  (3  squni*e  kilometres  area 
and  up  to  140  metres  thick)  lying  directly  on  the  surface  of  the  earth  J 
at  Iletzky  Zastchit,  on  the  left  bank  of  the  ri^er  Ural,  in  the  Goverii- 
menl  of  Orenburg ;  (b)   the  Chingnksky  deposit,  90  versts  from  the  \ 
river  Volga,  in  the  EnotaeSsky  diatrict  of  the  Government  of  Astra-  I 
khan;  (e)  the  Kulepinsky  (and  other)  deposits  (whose  thickness  attains 
150   metres),   on   the  Araks,  in  the  Government   of  Erivan  in  the   | 
Caucasus ;  (ef)  the  Xatchiezmansky  deposit  in  the  province  of  Kars ; 
and  (f)  the  Krasnovodsky  deposit  in  the  Trans-Caspian  province. 

A  saturated  brine,  formed  by  the  continue<l  contact  of  subsoil 
wat«r  with  rock  salt,  is  extracted  by  means  of  l)ore-holes,  as,  for 
instance,  in  the  Governments  of  Perm,  KhitrkofF,  and  EkaterinosJav, 
Sometimes,  as  at  Wergtesg;aden  in  Austria  (at  Salzkuramerhutte), 
spring  water  is  run  on  underground  beds  of  rock  salt  containing  much 
«Iay. 

If  a  saline  spring  or  the  salt  water  pumped  fron>  bore-holes  con- 
tains but  little  salt,  then  the  first  concentration  of  the  natural  solution 
is  not  carried  on  by  the  costly  consuniption  of  fuel,  but  by  the  cheaper 
method  of  evaporation  by  means  of  the  wind.     For  this  purpose  the 
so-called  gruduaUirs  are  constructed  :  they  consist  of  long  and  lofty 
sheds,  which  are  somptimes  several  versts  long,  and  generally  extend  !■ 
in  a  direction  at  right  angles  to  that  of  the  usual  course  of  the  wind  in  \ 
the  district.     These  sheds  are  open  at  the  sides,  and  are  filled  with   | 
brushwood  aa  shown  in  tig.  64.      Troughs,  a  n,  c  u,  into  which  the  salt 
water  is  pumped,  run  along  the  top.     On  (lowing  from  these  ti'oughs, 
through  the  openings,  a,  the  water  spreads  over  the  brushwood  and 
distributes  itself  in  a  thin  layer  over  it,  so  that  it  presents  a  very  large    , 
surface  for  evaporation,  in  consequence  of  which  it  rapidly  becomes  con- 
centrated in  warm  or  windy  weather.     After  trickling  over  the  brush- 
wood, the  solution  collects  in  a  reservoir  under  the  graduator,  from    > 
whence  it  is  usually  pumped  up  by  the  pumps  P  p',  and  again  run  a 
second  and  third  time  through  the  graduator,  until  the  solution  reaches 
a  degree  of  concentration  at  which  it  becomes  profitable  to  extract  the    ' 
salt  by  direct  heating.     Generally  the  evaporation  in  the  graduator 
is  not   carried  beyond  a  concentration  of    15  to  20  parts  of  salt  in 
100  parts  of  solution.     Strong  natural  solutions  of  salt,  and  also  the 
graduated  solutions,  are  evaporated  in  large  shallow  metallic  vessels, 
which  are  either  heated  by  the  direct  action  of  the  flame  from  below 
or  fiTim  ab<:ive.     These  vessels  are  made  of  Imiler  plate,  and  are  called    i 
salt  pans.     Various  means  are  employe*!  for  accelerating  the  evapora-    I 
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for  ecoiioini-sing  fuel,  which  are  mainly  has*<i  on  an  artificial 
o  tarry  off  the  steam  as  it  is  formed,  and  on  subjecting  the 
I  preliminaiy  heating  by  the  waste  heat  of  the  st«am 
{jane*.     Furthermore,  the  first  portions  of  the  salt  whi 


oryatallise  out  in  the  salt  pans  always  contain  gypsum,  owing  to  the 
water  of  saline  aprings  always  containing  this  substance.  It  is  only 
the  portionfl  of  the  salt  which  separate  later  that  are  distinguished  by 
their  great  purity.  The  salt  is  ladled  out  as  it  is  deposited,  and  left  to 
drain  o:t  inclined  tables  and  then  dried,  and  in  this  manner  the  so- 
called  bay  salt  is  obtained.  Bince  it  has  become  possible  to  discover 
till)  saliau  depisita  themselves,  the  extraction  of  table  salt  from  the 
water  of  salute  springs  by  evaporation,  which  was  before  in  general  use, 
hua  begun  to  be  rejected,  and  is  only  able  to  hold  its  ground  in  oases 
where  fuel  is  cheap. 

In  order  tm  understand  the  full  importance  of  the  extraction  of 
salt,  it  will  be  enough  to  mention  that  on  the  average  SO  lbs.  of  table 
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salt  are  consumed  per  hea<l  o£  population*  directly  in  food  or  for  cattle. 
Ill  those  countries  where  common  suit  is  employed  in  technical  pro- 
cesses, and  especially  in  Eugliuid,  almost  aa  equal  quantity  is  consumed 
in  the  production  of  substances  containing  chlorine  and  sodium,  and 
especially  in  the  uiauufacture  of  washing  soda,  itc,  and  of  chlorine 
compounds  (bleaching  powder  and  hydrochloric  acid). 

Although  certain  lumps  of  rock  salt  and  crystals  of  bay  salt  some- 
times consist  of  almost  pure  sodium  chloride,  still  the  ordinary  com- 
mercial salt  contains  \'arious  impurititvs,  the  most  common  of  which  are 
iriagnesium  salts.  If  the  salt  be  pure,  its  solution  gives  no  precipitate 
with  sodium  carlionate,  NftjCOj,  showing  the  absence  of  magnesium 
salts,  because  magnesium  carbonate,  MgCOj,  is  insoluble  in  water. 
Rock  salt,  which  is  ground  for  use,  further  generally  contains  &  large 
admixture  of  clay  and  other  insoluble  impurities,"  For  common  use 
the  bulk  of  the  salt  obtained  is  quite  suitable  without  further  purifica- 
tion ;  but  some  salts  are  purified  by  solution  and  crystallisation  of 
the  solution  after  standing„in  which  case  the  evaporation  is  not  carried 
on  to  the  end,  and  the  impurities  remain  in  the  moOier  liquor  or 
in  the  sediment,  ^\^len  perfectly  pure  salt  is  required  for  chemical 
purposes  it  is  best  to  proceed  as  follows  :  a  saturated  solution  of  table 
salt  is  prepared,  and  hydrochloric  acid  gas  is  passed  through  it ;  this 
precipitates  the  sodium  chloride  (which  is  not  soluble  in  a  strong  solu- 
tion of  hydrochloric  acid),  while  the  impurities  remain  in  solution.  By 
repeating  the  operation  and  fusing  the  salt  (when  adhering  hydro- 
chloric acid  is  volatilised)  a  pure  salt  is  obtained,  which  is  again 
crystallised  from  its  solution  by  evaporation.^ 

Pure  sodium  chloride,  in  the  form  of  well-formed  crystals  (slowly 
formed  at  the  bottom  of  the  liquid)  or  in  compact  masses  (in  which  form 
rock  salt  is  sometimes  met  with),  is  a  colourless  and  transparent  sub- 
stance resembling,  but  more  bri  ttle  and  leas  hard  than,  glass. '"     Common 


'  TliB  fracture  of  roolt  Bait  generally  bIiohb  tho  preeence  of  interUyeta  of  imporitiei, 
which  are  »ometune»  very  small  in  weight,  but  rigible  owing  to  their  retmotion.  In  (he 
eiceUeDtlj  laid  out  salt  mines  of  Brianik,  belonj^g  to  Mr.  LfltunoOsky,  Icounted(IB88), 
if  my  memory  doei  not  deceive  me,  on  an  average  ten  interlayem  per  metre  of  thickneae, 
between  whieh  the  Halt  waein  general  very  pnre,  and  in  places  qaite  traanparetit.  If  thia 
be  the  case,  then  there  would  be  860  inlerlayerafor  the  whole  thicknese  {about  85  metret) 
of  the  bed.  The;  probably  correBpond  with  the  yearly  deposition  ot  the  salt.  In  thia 
case  the  deposition  would  have  oKtended  over  more  than  800  ysaH.  Thia  ahauld  be 
observable  at  the  present  day  in  Ukes  where  the  Bait  ia  aatnrated  and  in  coarBe  dt 
deposition. 

*  I  have  perBonally  convinced  myself  Chat  by  thia  method  not  onl;  the  aulphatea, 
bat  also  the  potaasiuni  solta  are  entirely  removed. 

'"  According  to  the  delenninatious  of  Klodt,  the  Brianak  rook  aalt  withstands  a 
pressore  of  BIO  kilograme  per  aqnare  centimetre,  wbUit  glaaa  wilhatuids  ITOO  kiloa. 
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ijalx;  always  crystallises  in  the  cubic  nystian,  moat  frequently  in  cmA^^, 
aaH  more  rarely  in  octahedra.  Large  transparent  cubes  of  common  salt, 
havinj^  edges  up  to  10  centimetres  long;  are  sometimes  found  in  masses 
of  rock  salt.*'  By  rapid  evaporation  common  salt  is  deposited  from  iti* 
solutions  in  the  form  of  very  small  crystals,  but  with  alow  evaporation 
the  crvstals  attain  a  considerable  3i2e.  When  evaporated  in  open. 
space-}  the  salt  often  separates  out  on  the  surface**  as  cubes,  which 
grow  on  to  each  other  in  the  form  of  pyramidal  square  funnels.  In 
5rtill  weather,  these  clusters  are  able  to  support  themsrfves  on  the  ^jxir- 
face  of  the  water  for  a  long  time,  and  sometimes  go  on  increasing  to  a 
considerable  degree,  but  they  sink  directly  the  water  penetrates  inside 
them.  Salt  fnses  into  a  colourless  liquid  (sp.  gr.  1-602,  according  to 
Quincke)  at  about  774^  (Camelley),  and  if  pure  it  solidities  into  a  non- 
crystalline mass,  and  if  impure  into  an  opaque  mass  whose  surface  is 
not  smr>fjth.     In  fusing,  sodium  chloride  commences  to  volatilise  (its 

Jn  this  respect  Mklt  is  twice  aa  tecare  mm  bricks,  and  tUStrefore  immenae  mAaaes  toaj  be 
extracted  from  ondergroond  wsrkings  with  perfect  utfety,  without  hAving  recourse 
to  brickwork  mipports,  bnt  only  tAkixkg  adrantAge  <A  the  properties  of  the  salt  itself. 

11  To  obtain  well-fovmed  crystAla,  a  saturated  solution  is  mixed  with  ferric  chloride, 
and  several  small  crystals  ol  sodiom  chloride  are  placed  at  the  bottom,  and  the  sciatica 
laiUlowed  to  slowly  evaporate  in  a  cloaed  resaeL  Octahedral  crystals  are  obtained  in  the 
MMence  of  borax,  area,  &c.,  in  the  s«^otioa.  Very  fine  crystals  are  formed  in  a  maas  of 
Ipijatinons  silica. 

>'  If  a  solution  of  sodiom  chloride  be  slowly  heated  from  above,  where  the  evapora- 
tion is  accomplished,  then  the  npper  layer  will  become  saturated  before  the  lower  and 
cooler  layers,  and  therefore  crystallisation  will  then  begin  on  the  surface,  and  the  crystals 
iSrsi  formed  will  be  held  np,  having  also  dried  from  above,  on  the  surface  until  they  be- 
come quite  soaked.  Being  heavier  than  the  solution  the  crystals  are  partially  immer^ied 
under  it,  and  the  following  crystallisation,  also  proceeding  on  the  surface,  will  only  form 
crystals  alrmg  the  side  of  the  original  crystals.  The  funnels  are  formed  in  this  manner. 
It  will  be  )x>rne  on  the  surface  like  a  boat  (if  there  be  no  waves),  because  it  will  grow 
more  from  the  upper  edges.  We  can  thus  understand  this,  at  first  sight,  strange  funnel 
form  of  crystallisation  of  salt.  In  explanation  why  the  crystallisation  under  the  above 
conditions  b<!ginH  at  the  snrfaMie  and  not  at  the  lower  layers,  it  must  be  mentioned  that 
the  n^HU'ihc  gravity  of  a  crystal  of  sodium  chloride  =  2*16,  and  that  of  a  solution  saturated 
at  25'  c^mtains  267  p.c.  of  salt  and  has  a  specific  gravity  at  25-4^  of  12004 ;  at  15^  a 
aolution  contains  26'r>  p.c.  of  salt  and  has  a  sp.  gr.  1*203  at  15*4°.  Hence  a  solution  satu- 
rated at  ft  higlier  temperature  is  specifically  lighter,  notwithstanding  the  greater  amoont 
orf  salt  it  roTitains.  Surface  cry  stall  Uation  cannot  take  place  with  many  substances, 
beoauM;  th^-ir  m^liibility  increases  more  rapidly  with  the  temi>erature  than  their  specific 
gravity  clor-reawjs.  In  this  case  the  saturated  solution  will  always  be  in  the  lower  layers, 
where  al>w)  the  crystallisation  will  take  place.  Besides  which,  it  may  be  added  that,  as  a 
conMtqiience  of  the  projierties  of  water  and  solutions,  when  they  are  heated  from  above 
■{for  instanr^e,  by  the  sun's  rays)  the  warmer  layers  being  the  lightest  remain  above,  whilst 
wh«'n  h»^ftt*Ml  from  Ik-Iow  they  rise  to  the  top.  For  this  reason  the  water  at  great  depths 
Im'Iow  th*!  HurfftCf^  is  always  cold,  as  has  long  been  known.  These  circumstances,  as  well 
4is  thoHi'  ohH<TV<?d  by  Horct  (Chapter  I.  Note  ID),  explain  the  great  differences  of  density, 
t<Mniwriitiire,  and  in  tho  amount  of  salts  held  in  the  oceans  at  different  latitudes  (in  polar 
.and  tro|>i(-(iI  cliniesj  and  at  various  depths. 
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"Weight  decreases),  and  at  &  white  heat  it  vulatUises  with  great  c-nse  and 
«iitirely ;  but  at  tlie  ordinary  temperature  it  may,  like  all  ordinary 
salts,  be  considered  as  non-volatile,  although  as  yet  no  exact  oxperi- 
ments  huve  been  made  in  this  respect. 

A  saturated  '*  aolution  of  table  salt  (containing  26'4  per  cent.)  hoE 
at  the  ordinary  temperature  a  specific  gravity  of  about  1-2.  The 
specific  gravity  of  the  crystals  is  2'16.  The  salt  which  separates  out 
at  the  ordinary  and  higher  temperatures  contains  no  water  of  crystal- 
lisation;" but  if  the  crystals  are  formed  at  a  tow  temperature, 
especially  from  a  saturated  solution  cooled  to  —12°,  then  they  present 
a  prbmatic  form,  and  contain  two  equivalents  of  water,  NaCl,  2H,0. 
At  the  ordinary  temperature,  these  crj'stals  split  up  into  sodium 
«hloride  and  its  solution.''^  Unsaturated  solutions  of  table  salt  when 
cooled  below  0°  give""'  crystals  of  ice,  but  when  the  solution  has  a 

"5  By  combiiiiiig  Iho  ceaultn  of  Poggiale,  MlUlet,  Bad  Kurslen  (tbey  are  evidontly 
mora  acenratc  Uiui  thaw  of  Gay-Liuuo  uid  others),  I  found  that  a  ulurated  Mlmioii  at 
C.  (roni  0°  to  108',  oontaloii  86-7  +  OtHif  +  O'OOOaC  Briima  of  salt  per  100  jmuna  of  water, 
Thia  fomiula  giiea  a  Bo]nbilit;  at  0' ^  SS*7  grama  (  =  SG'S  p.c),  whllit  accordiDg  to  Ear* 
Eten  it  ia  3009,  Poggiale  SG'S,  and  Mlillei  3G-Q  gram*.  The  somewhat  large  diveraity  in  ' 
the  data  respucting  bo  ommon  H  aubntance  aa  sodium  cblociJe  showa  tbv  neceuiity  ol 
freah  and  moiit  exact  determinations. 

<•  Perfectly  imre  fined  aalt  is  not  hygrosoopic.  according  to  Karsten,  whilat  the 
tiyatalUsecl  salt,  even  wbna  quite  puce,  ultruta  as  much  aa  Ofl  p.c.  of  water  from  moiat 
air,  according  to  Staa.  lu  the  Brianak  raineB,  where  the  temperature  throughout  tha 
whole  year  is  aliout  -t-  ]D°,  it  may  be  observed,  us  Buon  Klodt  informed  ma.  that  in  the 
BOmmar  daring  damp  weather  the  walla  become  uioiut,  while  in  winter  they  are  dry. 
This  ia  in  accordance  with  the  fact  that  the  vapour  leaaion  of  aolntiuua  has  a  definite 
uu^nitude,  which  ia  leaa  than  that  dI  water. 

If  the  salt  contain  impnritiei — aach  aa  magneainm  sulphate,  ^e, — it  ia  more  hjgro- 
sDopic.  If  itcontunany  magnesium  chloride  it  partially  effloreacea  in  a  damp  atmoafjiers. 
The  crystallised  and  not  perfectly  pure  salt  deurepitatea  when  heated,  owing  to  its  cou- 
taiuing  water.  The  pure  aalt,  and  also  the  tnuupareut  rocli  aalt.  or  that  which  haa  been 
uuce  funed,  do«  not  decrepitate.  Foaed  sodiom  chloride  givea  ■  feeble  alkaline  reaction 
with  litmus,  aa  liaa  been  shown  by  many  observers,  which  is  due  to  the  formatlou  of 
sodium  oiide  (probably  by  the  action  of  the  oxygen  of  the  atmosphere).  According  to 
A.  3lcherbakon  very  tetisitive  litmna  {washed  in  alcohol  and  nentraliaed  with  otatic  add) 
shows  an  alkaUne  reaction  with  even  the  crystalliaed  salt. 

It  may  be  obaerved  that  rock  salt  sometimca  containa  caiilies  filled  with  a  oolonrleaa 
lirtuid.  Certain  kinds  of  rock  aalt  emit  an  odour  like  that  of  bydrocarbona.  Tbeae 
phenomena  have  as  yet  received  very  little  attention. 

>*  By  cooling  a  tolatjon  of  table  salt  satutatod  at  the  ordinary  temperature  to  —  IS' 
1  BrslobtBinedwel^fo^medtabniar^si^-a^ded(  crystala,  which  on  arriving  at  the  ordinary 
temperature  diainlegrated  (with  the  separation  of  anhydrona  sodium  chloride),  and  then 
prismalio  needles  np  to  90  mm.  long  were  formed  from  the  same  solotion.  I  have  not 
yet  investigated  wliat  is  the  reason  ol  the  diflerence  in  crystalline  form.  It  ia  knovtn 
IMitseherlichjthatN'Bl.aH.iO  also  crystallises  in  plates  or  prisms.  Sodinm  bromide  alsg 
crystallises  with  aH,0  at  the  ordinijy  temperature. 

'•  Notwitlistanding  tha  great  simplicity  (p,  01)  of  the  obaervations  on  the  (ormation 

of  ice  from  solntion.  still  evoa  for  sodium  chloride  they  eonnol  yet  be^conaidered  ai  aDfll> 

■cienlly  harmonious.     According  to  Blagden  and  Raoult  tlie  tmnjwrature  ol  the  lormalian 
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composition  NaCl,10H,O  it  snlidilies  completely  at  n  teuiperature  of 
—  23°.  A  solution  of  table  salt  saturiited  at  its  boiluig  polut  boils  at 
about  109°,  and  contains  about  42  parts  of  salt  per  100  parts  of  water. 
Of  all  its  physical  properties  tbe  speoiHc  gravity  of  solutions  of 
sodium  chloride  is  the  one  which  has  been  the  m(»t  fully  investigated. 
A  comparison  of  the  results  of  Kremers,  Gerlach,  Schmidt,  Mangnac, 
Thomaen,  Nicol,  and  Bender  proves"  that  the  specific  gravity  (in 
vacuum,  taking  water  at  4°  as  10000)  at  15°  in  relation  to  p,  or  the 
percentage  amount  of  the  salt  in  solution,  is  expressed  by  the  equa- 
tion 8i5  =  9991-6  +  71-lTp  +  O-2140/i^  For  instance,  for  a  solution 
200H,O  +  NaCI,  in  which  case  p  =  1-6,  8ia=  10106.  It  is  seen 
from  the  curve  that  the  addition  of  water  to  the  solution  produces  a, 

contraction,"  and  that  the  addition  of  salt    (orthedifferential   -i_\ 

\  dp/ 

causes,  at  15°,  a  change  of  specitic  gravity  which  is  expressed  by  the 

straight   line    71-17  +  0'428p.      At   0°  and    100'  (when   the  specific 

of  ioe  ft-om  a  iiolution  CDntaining  c  grums  of  salt  par  lOOgciimsot  wnlor=  -O'Oc  to  e  =  Hi, 
Mcording  to  RosettE  =  — O'SJSc  to  e  =  H-7,  noconlinK  to  De  Coppet  (toe  =  10)=  -O-TOSr 
+  0-008itr',  and  according  to  Qotlitie  a.  mach  lowarfignce.  By  tiikint;  Rosetla'a  figure  and. 
applying  the  rule  gixen  on  p.  Ill  (Chaptar  I.  Note  *U)  we  obtain — 

IB- 6 

Tbe  datu  (or  strong  wjlationB  are  not  leu  cuDlradictory.  Thae  with  20  ]i,c,  of  salt,  ice 
is  formedat  —11-4°  according  to  Karaten,  — IJ"  Bccucdiug  to  Outliria,  —1711°  Moording 
to  De  Coppet.  RlidorS  uys  tlut  for  atrong  Bolntionit  the  lemperatare  *t  the  lotmatiau 
of  icedesoenda  in  proportion  to  the  contents  oF  the  compnund,  NaCl.aR^O  (per  100  gnaui 
of  water}  by  USfi''  per  1  gnun  of  salt,  and  De  Coppet  tihowa  tbat  there  ia  no  proportion. 
ality,  in  a  attiel  sense,  for  either  a  peroentage  of  NaCI  or  of  NaCl.iiHnO.  The  data  tespeet- 
ing  the  vapour  tenaion  and  boiling  point  of  aolatiane  of  sodium  cliloride  are  ae  untnut- 
worthy  aa  the  preceding. 

"  A  collBDtion  ol  obaervaliona  on  the  specific  gravity  of  eulntiona  of  aodium  chloride 
and  all  other  aqueous  aolutions  vhieh  have  been  more  or  leM  investigated  np  to  tlie- 
preseot  time  is  given  in  my  work  cited  in  Chapter  I.  Note  GO. 

Solations  of  coininon  salt  have  also  been  frequently  investigated  as  reeiirds  rate  of 
diffusion  |p.  Sij,  but  as  yet  there  are  no  complete  data  in  this  respect.  It  may  be  men- 
tJoned  that  OnLham  and  De  Vries  demonstiated  that  dilTnsioD  iu  gehttinous  maaaea  (tor 
instance,  gelatin  jelly  or  gelatinous  silica)  proceeds  in  the  «uue  manner  as  in  water,  whiolt 
may  probably  lead  to  a  convement  and  accurate  maUiod  (or  the  investigstion  of  tile 
phenomena  of  diflusion.  N.  Umoff  (Odessa,  ISSb)  inventigated  tile  diffusion  of  commoD 
salt  by  menus  ot  glass  glubulea  of  definite  density.  Saving  poared  nater  into  a  oylindar 
over  a  layer  of  a  sololioD  of  sudinm  chloride,  ha  observed  during  a  period  of  aereral 
months  the  poBition  (iieigbt)  of  the  globoles,  which  Boated  up  higher  and  higher  u  tlu 
salt  permeated  upwards,  Umo3  found  that  at  a  constant  temperature  tlie  diittancee  of 
the  globules  (that  is,  the  length  of  a  column  limited  by  layers  of  deSnite  conoeulration) 
remain  constant:  thnt  at  a  given  moment  of  time  the  couoeiitration,  g,  of  different  layer* 
situated  at  a  deptli  «  is  expressed  by  the  equatiuti  B  — Kt-log.  (A— 9),  where  A,  B,  and 
K  are  ooiiBtants  1  that  at  a  given  moment  the  velooity  of  the  diflerent  byers  is  propor- 
tional to  tlieir  depth,  &i-.  The  Information  respecting  diftoiuon  is  coniiiderably  extended 
by  these  researches,  but  still  this  subject,  from  its  importance  for  the  theory  uf  soluttona 
and  of  liquids  in  general,  yet  awaits  a  perfectly- detailed  investigation. 

">  If  5u  be  the  Kiwcific  gravity  of  watEr,anil  Stha  specific  gravity  of  a  BolutioDcontuiuiig 
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gravily  of  water  is  9998-7  and  9585)  this  augmentation  is  expreBSed  if 
irri  and  65-7  be  substituted  (or  71-17,  and  0-31  and  072  for  0428. 
the  specific  gravity  *"  at 
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water  ftt  0° 

=  10000  M 

]>  p.c.  oF  «dt,  tbon  by  miiinXi '"r  inBtsJice.  equal  neiglila  of  water  ind  the  solution,  rbhIuU 
(diMin  Bioliitioii  conbuning  tj'  of  the  Bolt,  and  il  itbefoimed  wilhont  oontiutidn,  then  its 
■peciBc  gntnty  x  will  be  determined  bir  the  aqnation  ~  ~  fr  "^   gi  becitDac  the  volnnui  ia 

equul  to  the  weight  dlndedby  thedonaitf.  In  reality,  Che  specific  graritj  aIwhjb  come*  out 
grenler  than  that  calculated  on  the  suppoeition  of  on  abaenoe  of  coatnwbion.  u  may  !>« 
»hDwnbyBiibetitatingSbj'itBponibolice»iae«Bion,  S"^So  +Ap+Bp\»ndxbyS..+Aip  + 
B^ji',  B;  thi«  means  it  may  be  eaail;  ohoirn  that  the  cootrootiDD,  e,  in  the  formation 
of  100  gnuna  of  aolution,  ia  not  in  so  limplo  a  relation  to  the  composition  o(  tlie  Holution 
aiQ.  T.  Oerloch  (IBSS)  takes  it.  on  the  sappoiition  that  e^Ap  {lOO-p),  where  A  iu  t,  con- 
ibuit  (or  all  solutions  ol  a  given  sabstanoe.  The  magnitnde  of  c  is  evidently  determined 
by  thBef|natioQp,J5  +  (100-pl.S„  =  100,'S+c,  where  B  ia  the  specific  gravity  o(  the  sub- 
stance disaoived,  on  the  sapposition  nl  its  being  in  a  liquid  state.  If  for  eodium  chhiride 
at  tE°  wilhp^lOandp-'SO,  the  mean  observed  specific  gravities  be  taken  ns  lOTSfl  and 
llSOl.theniasSn  ^  SWl-eM-^IBfilx  to-'",  and  £^17470,  and  therefore  for  ;>  =  £,  the 
oolcolated  speuific  gravity  will  be  1087T,  and  the  abaerved  is  t OURS,  with  a  probable  emir 
of  notmorethan±a:  hence  the  diflerence  greatly  exceeds  the  possible  vrror.  Asimilarnn- 
adaptability  of  the  above-mentioned  supposition  is  evinced  in  the  intestigstion  ol  all  othei 
solutions.  The  bypotlieaia  under  consideration  resembles  in  this  respect  the  hypotheoisot 
Hicheland  Croftsor  Groajean.  whiah  ore  examined  in  my  work  on  the  specific  gntvities  ol 
solutions.  In  a  first  rough  spproiimatiou  solutions  may  be  regarded  ae  mecliuiical  aggre- 
gates, and  then  a  general  Uw  of  their  formation  may  be  looked  for,  but  a  detailed  study 
of  the  sabject  necessitates  the  search  (or  chemical  reactions  in  them,  and  such  a  repre- 
sentation of  the  nature  of  aointtona  leads  to  the  conclosions  enunciated  in  the  first  chapter 
and  more  fnlly  developed  in  niy  above-mentioned  work.  Thia  naturally  doe*  not  etolude 
the  desire  to  find  laws  to  whii^b  solutions  may  be  subjeeted,  bat  under  the  inevitable 
condition  of  the  conaidcratinii  of  tbcic  chemical  composition.  Such  ore,  for  example,  the 
deductions  o(  Van't  Holl,  who  doea  not,  however,  touch  on  the  specific  gtavily  ol  solu. 
tions.  With  respect  to  the  sp.  gr,  of  weak  BolntioDS  of  metallic  chlorides,  it  may,  tor 
instance,  be  sapposed  that,  having  a  composition  RCt,  +  SQOOR,,  they  would  all  have  a 
specifle  gravity  at  IS°.  t=,  approaching  to  9BS1  +  2S6BM,  where  IT  is  the  molecular  weight 
of  the  mutallio  chloride  dissolied.  For  iustance. lor  SrCl,,  M^ISU,  and  the  formala gives 
S=  IU8U1,  and  eipeHment  lOSrtl :  lor  LiCI,  M^  13' G,  and  S^  10061.  and  experiment  10060. 
But  similar  rules,  without  the  eiiateuce  of  a  complete  theory  of  solutions,  con  only  eerre 
as  material  (or  the  constmctioti  of  a  theory,  and  too  great  an  importance  should  not  lie 
atlaclied  to  them. 

"  Qenerally  the  specific  gravily  is  observed  by  weighing  in  air,  dividing  the  weight 
10  grams  bytbe  volume  in  cubic  centimetres,  found  from  the  weight  ol  water  displaced 
divided  by  its  density  at  tlie  temperature  onder  which  the  etperjraent  is  carried  on.  U 
we  call  this  specific  groiily  8,,  then  as  a  cubic  centimetre  ol  air  under  the  osual  condi- 
tions weighs  about  OIIUIU  gram,  the  ip.  gr.  in  a  vacuum  5-8,-0-0013  (5|  —  1),  U  the 

"  II  the  sp.  gr,  8,  be  found  directly  by  dividing  the  WNght  ol  a  KUlutiuu  by  the 
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It  should  be  remarked  that  Baum^'s  hydrometer  is  graduated  by 
taking  a  10  per  cent,  solution  of  sodium  chloride  as  10°  on  the  scale, 
and  therefore  it  gives  approximately  the  percentage  amount  of  the  salt 
in  a  solution.  Table  salt  is  somewhat  soluble  in  alcohol,'^  but  it  is 
insoluble  in  ether  and  in  oils. 

Table  salt  gives  very  few  compounds  '^^  (double  salts),  and  these  are 
very  readily  decomposed  ;  it  is  also  decomposed  with  great  diflBculty 
and  its  dissociation  is  unknown.*^  But  it  is  easily  decomposed,  both 
when  fused  and  in  solution,  by  the  action  of  a  galvanic  current.  If  the 
dry  salt  be  fused  in  a  crucible  and  an  electric  current  be  passed  through 
it  by  immersing  carbon  or  platinum  electrodes  in  it  (the  positive  elec- 
trode is  made  of  carbon  and  the  negative  of  platinum  or  mercury),  it  is 
decomposed  into  two  substances :  a  malodorous  gas  called  chlorine  appears 
at  the  positive  pole  and  metallic  sodium  at  the  negative  pole,  which 
shows  that  table  salt  consists  of  these  two  elements.  Both  of  them  act 
on  w^ater  at  the  moment  of  their  evolution  ;  the  sodium,  as  we  already 
know,  evolves  hydrogen  from  water  and  forms  caustic  soda,  and  the 
chlorine  evolves  oxygen  from  water  and  forms  hydrochloric  acid,  and 
therefore  on  passing  a  current  through  a  solution  of  table  salt  metallic 
sodium  will  not  be  formed — but  oxygen,  chlorine,  and  hydrochloric  acid 
will  appear  at  the  positive  pole,  and  hydrogen  and  caustic  soda  at  the 
negative  pole.  The  presence  of  hydrochloric  acid  is  easily  recognised 
by  its  acid  properties,  and  the  presence  of  caustic  soda  by  its  alkaline 

weight  of  water  at  the  same  temperature  and  in  the  same  volume,  then  the  true  sp.  gr. 
S  referred  to  water  at  4°  is  found  by  multiplying  So  by  the  sp.  gr.  of  water  at  the  tem- 
perature of  observation.  All  the  necessary  corrections  for  the  specific  gravity  of  liquids 
are  considered  in  my  two  works,  On  the  Compouruls  of  Alcohol  with  Water,  1865,  and 
The  Investigation  of  Aqueous  Solutions  by  their  Specific  Gravity,  1887. 

It  may  not  be  superfluous  to  remark  that  the  data  respecting  the  sp.  gr.  for  solutions 
of  sodium  cldoride  near  saturation  do  not  sufficiently  agree,  and  there  is  reason  for 
thinking  that  in  strong  solutions  containing  more  sodium  chloride  than  in  NaCljlOHjO 
(j9  =  24'53)  a  diflferent  curve  should  be  adopted. 

**  According  to  Schiff  100  grams  of  alcohol,  containing  p  p.c.  by  weight  of  C^H^O, 
dissolves  at  15^ — 

_p  =  10  20  40  60  80 

25  22-6  18-2  S'O  12  grams  NaCl. 

"  Amongst  the  double  salts  formed  by  sodium  chloride  that  obtained  by  Ditte  (1870) 
by  the  evaporation  of  the  solution  remaining  after  heating  so<lium  iodate  with  hydro- 
chloric acid  until  chlorine  ceases  to  be  liberated,  is  a  remarkable  one.  Its  composition  is 
!NaI05,NaCl,4H.20.  Rammelsberg  obtained  a  similar  (perhaps  the  same)  salt  in  well- 
formed  cryKtals  by  the  direct  reaction  of  both  salts. 

■^''  But  it  already  gives  sodium  in  the  flame  of  a  Bunsen's  burner  (see  Spectrum 
Analysis),  doubtless  under  the  reducing  action  of  the  elements  carbon  and  hydrogen.  In 
the  presence  of  an  excess  of  hydrochloric  acid  in  the  flame  (when  the  sodium  would  give 
sodium  chloride),  there  is  no  sodium  formed  in  the  flame  and  tlie  salt  does  not  communis 
cate  its  usual  coloration. 
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reaction.  Thus  table  salt,  like  otiier  salts,  is  decomposed  by  the  action 
of  an  electric  current  into  a  metal  and  a  haloid,  and  presents  a  compo- 
sition of  great  siiuplicity  in  comparison  with  the  composition  of  many 
Baits  containing  oxygen,  which  fact  supports  the  hydrogen  theory  of 
acids  discussed  in  Chapter  III.  Naturally,  like  all  other  salts,  it  may 
be  formed  from  the  coiTespondiug  base  and  acid  with  the  separation 
of  water.  In  fact  if  we  mix  caustic  soda  (alkali)  with  hydrocldoric 
acid  (acid)  then  table  salt  is  formed,  NaHO  +  HCl=KaCl  +  HjO. 

With  respect  to  the  double  decom positions  of  sodium  chloride  it 
should  be  observed  that  they  are  most  varied,  and  serve  as  the  means 
for  obtaining  nearly  all  the  other  compounds  of  sodium  and  chlorine. 

Tfte  double  deeotitjrositiong  of'  jwf/iw«i  chloride,  as  an  example  of  tlie 
double  decompositions  of  salts,  are  almost  exclusively  based  on  the  pos- 
sibility of  the  metal  sodium  being  exchanged  for  hydrogeit  and  other 
metals.  But  neitht^  hydrogen  nor  any  other  metal  is  able  to  directly 
displace  the  sodium  from  table  salt.  This  would  result  in  the  separation 
of  metallic  sodium,  which  itself  displaces  hydrogen  and  the  majority  of 
other  metals  from  their  compounds,  and  is  not,  as  far  as  is  known,  ever 
separated  by  them.  The  replacement,  then,  of  the  sodium  in  sodium 
chloride  by  hydrogen  and  different  other  metjila  is  accomplished  by  the 
transference  of  the  sodium  into  some  other  sodium  compound.  If 
hydrogen  or  another  metal,  M,  were  combined  with  an  element  X,  then 
the  double  decomposition  NaC!+MX=NaXH-MCl  takes  place.  Such 
double  decompositions  proceed  under  particular  conditions,  sometimes 
completely  and  sometimes  only  partially,  as  we  shall  endeavour  to  explain. 
In  order  to  acquaint  ourselves  with  the  double  decompositions  of  sodium 
chloride,  we  will  follow  the  methods  actually  employed  in  practice  to 
procure  compounds  of  sodium  and  chlorine  from  table  salt.  For  thi-s 
purpose  we  will  tirst  describe  the  treatment  of  sodium  chloride  by  sul- 
phuric acid  for  the  preparation  of  hydrochloric  acid  and  sodium  sulphate. 
We  will  then  describe  the  substances  obtained  from  hydrochloric  acid 
and  sulphate  of  sodium.  Chlorine  itself,  and  nearly  all  the  other  com- 
pounds of  this  element,  may  be  procured  from  hydrochloric  acid,  whilst 
sodium  carbonate,  caustic  soda,  metallic  sodium  itself  and  all  its  com- 
pounds may  be  obtained  from  sodium  sulphate. 

Even  in  the  laboratory  of  animal  organisms  table  salt  b  subjected 
to  similar  changes,  furnishing  the  sodium,  alkali,  and  hydrochloric  acid, 
which  take  part  in  the  processes  of  animal  life. 

Its  necessity  as  a  constituent  in  the  food  of  both  human  l>eiugs  and 
animals  becomes  evident  when  we  consider  that  both  hydrochloric  acid 
and  salts  of  sodium  are  found  in  the  substances  which  are  separated  out 
from  the  blood  into  the  stomach  and  intestines.    So,  for  example. 
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sodium  salts  are  found  in  the  blood  and  in  the  bile  elaborated  in  tiie 
liver,  and  acting  on  the  food  in  the  alimentary  canal,  whilst  hjdio- 
cbloric  acid  is  found  in  the  acid  juices  of  the  stomach.  Chlorides  of  tiie 
metals  are  always  found  in  considerable  quantities  in  the  urine,  aud  if 
they  are  excreted  they  must  be  replenished  in  the  organism  ;  and  for 
the  replenishment  of  the  loss  substances  containing  chlorine  compounds 
must  be  taken  in  food.  Not  only  do  animals  consume  those  amounts 
of  sodium  chlorine  which  are  found  in  drinking  water  or  in  plants  or 
other  animals,  but  experience  has  shown  that  many  wild  animals  travel 
long  distances  in  search  of  salt  springs,  and  that  domestic  ammala, 
which  in  their  natural  condition  do  not  require  table  salt,  willingly 
take  it,  and  that  the  functions  of  their  organisms  become  much  more 
regular  from  doing  so. 

Hie  action  of  sulphuric  acid  on  sodium  chloride, — If  sulphuric  acid 
be  poured  over  table  salt,  then  even  at  the  ordinary  temperature,  as 
Glauber  observed,  an  odorous  gas,  hydrochloric  acid,  is  evolved.  The 
reaction  which  takes  place  consists  in  the  sodium  of  the  table  salt  and 
the  hydrogen  of  the  sulphuric  acid  changing  places. 

NaCl         +         H,S04        =        HCl         +         NaHS04 

Sodinm  chloride.  Snlplmric  acid.         Hydrochloric  acid.    Acid  Bodiom  sulphate. 

At  the  ordinary  temperature  this  reaction  is  not  complete,  but  soon 
ceases.  If  the  mixture  be  heated,  the  decomposition  proceeds  until,  if 
there  be  sufficient  table  salt  present,  all  the  sulphuric  acid  taken  is 
converted  into  acid  sodium  sulphate.  If  there  be  an  excess  of  acid  it 
will  remain  unaltered.  If  2  molecules  of  sodium  chloride  (117  parts) 
be  taken  per  molecule  of  sulphuric  acid  (98  parts),  then  on  heating  the 
mixture  to  a  moderate  temperature  only  one-half  (58*5)  of  the  table 
salt  will  suffer  change.  Complete  decomposition,  after  which  neither 
hydrogen  nor  chlorine  is  left  in  the  residual  salt,  proceeds  (when  117 
parts  of  table  salt  are  taken  per  98  parts  of  sulphuric  acid)  ai  a  red  lieat 
only.     Then — 

2NaCl         +         HaSO^         =         2HC1         +         Na2S04 

Table  salt.  Sulphuric  acid.  Hydrochloric  acid.        Sodium  sulphate. 

This  double  decomposition  is  the  result  of  the  action  of  the  acid 
salt,  NaHS04,  first  formed  on  sodium  chloride,  because  the  acid  salt^ 
as  it  contains  hydrogen,  itself  acts  like  an  acid,  NaCl  +  NaHS04  si 
HCl  +  NajSO^.  By  adding  this  equation  to  the  first  we  obtain  the 
second,  which  expresses  the  ultimate  reaction.  Then  all  the  hydrogen 
of  the  sulphuric  acid  and  chlorine  of  the  salt  are  evolved  as  gaseous 
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Iiydrochloric  acid,  and  theresiduewillbeeiitirely  free froiu  them.  Hence 
in  the  above  reaction,  non- vols, tile  or  sparingly -I'olatile  table  salt  and 
sparingly -volatile  sulpburic  acid  are  taken,  and  aa  the  result  of  their  re- 
action, after  tht  hydrogen  and  sodiuni  have  exchanged  places,  there  is 
obtained  non-volatUe  sodium  sulphate  and  giieeous  hydrochloric  acid. 
The  fact  of  the  latter  Iwing  a  gaseous  substance  formB  the  ni»iii  reason 
for  the  reaction  proceeding  to  the  very  end.  The  mechanism  of  this 
kind  of  double  decomposition,  and  the  cause  of  the  course  of  the  reac- 
tion, are  exactly  the  same  oa  those  we  saw  in  the  decomposition  of 
nitre  (Chapter  VI.)  by  the  action  of  sulphuric  acid.  The  snlphuric  acid 
in  each  displaces  the  other,  volatile,  acid. 

Not  only  in  these  two,  but  in  every  instance,  if  a  volatile  acid  can 
be  formed  through  the  substitution  for  a  metal  of  the  hydrogen  of  sul- 
pburic acid,  then  this  volatile  acid  will  be  formed.  From  this  it  may  be 
concluded  that  the  volatility  of  the  ncid  should  be  considered  as  the 
cause  of  the  progress  of  the  reaction  ;  and,  indeed,  if  the  acid  be  soluble 
hut  not  volatile,  or  if  the  reaction  takes  place  in  an  enclosed  space 
where  the  resulting  acid  cannot  volntilise,  or  at  the  ordinary  tempera- 
ture when  it  does  not  pass  into  an  elastic  state  of  vapour^ — then  the 
decomposition  does  not  proceed  to  the  end,  but  only  up  to  a  certain 
limit.  In  this  respect  the  explanations  given  at  the  beginning  of  this 
century  by  the  French  chemist  Bertbollet  in  his  work  '  Essai  de  Statique 
Chimique,'  are  very  important.  T/t«  doctrint  of  Berthollet  starts  from 
the  suppositii.in  that  the  chemical  reaction  of  substances  is  accomplished 
in  consequence  not  only  of  the  measure  of  affinity  between  the  different 
parts,  but  also  under  the  influence  of  the  relative  masses  of  the  reacting 
suttstances  and  of  those  physical  conditions  under  which  the  reaction 
takes  place.  Two  substances  containing  the  elements  MX  and  NY, 
lieing  brought  intt)  mutual  contact,  form  by  double  decomposition  the 
compounds  MY  and  NX,  but  the  formation  of  these  two  new  compounds 
will  not  proceed  to  the  end  unless  one  i>f  the  resulting  BubstJLnceB  is 
removed  from  the  sphere  of  action.  But  it  can  only  be  removed  if  it 
possesses  diSerent  physical  properties  from  those  of  the  other  substances 
which  are  present  together  with  it.  Eitlier  it  will  be  a  gas  while  tho 
others  are  liquid  or  solid,  or  it  will  be  an  insoluble  sohd  while  the  others 
are  liquid  or  soluble.  The  relative  amounts  of  the  resultant  substance 
depend,  if  nothing  be  separat«d  out  from  their  mutual  contact,  only  on 
the  relative  quantities  of  the  substances  MX  and  NY,  and  ufion  the 
measure  of  attraction  existing  Iwtween  the  elements  M,  N,  X,  and  Y  ; 
but  however  great  their  mass  may  1>e,  and  however  considerable  the 
attraction,  still  in  any  case,  if  nothing  be  separated  out  from  the  sphere 
of  action,  tite  decomposition  will  cease,  a  state  of  equilibrium  will  be 
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Bstablishecl,  and  instead  of  two  there  will  reiuaio  four  substances  in  the 
tnaBS  :  namely,  &  portion  of  the  original  bodies  MX  and  NY,  and  a, 
certain  quantity  of  the  newly-formed  substances  MY  and  NX,  if  it  be 
udmitted  that  neither  MN  nor  XY,  nor  any  other  sulistances,  are  pro- 
duced, which  may  for  the  i>resent  *■*  be  admitted  in  the  case  of  the 
double  decomposition  of  salts,  for  which  M  and  N  are  melals  and  X 
and  Y  haloids.  As  the  oi-dinary  double  decomposition  consists  exclu- 
sively in  the  exchange  of  metals,  the  abo^e  simplification  is  applicable 
in  this  case.  The  sum  total  of  the  existing  data  concerning  the  double 
decomposition  of  salts  leads  to  the  conclusion  that  from  Baits  MX  f  NY 
there  always  proceeds  a  certain  quantity  of  NX  and  MY,  as  it  should 
be  according  to  Berthollet's  doctrine.  A  portion  of  the  historical  data 
concerning  this  subject  will  be  afterwards  mentioned,  and  we  will  now 
proceed  to  point  out  the  observations  made  by  Spring  (1888),  which 
show  that  even  in  a  solid  stale  salts  are  subject  to  a  similar  interchange 
of  metals  if  under  a  condition  of  sufficiently  close  contact  (which  reqavrea 
time,  ft  finely-divided  state,  and  intimate  mixture).  Spring  took  two 
non -hygroscopic  salts,  potassium  nitrate,  KNO3,  and  well-dried  sodium 
acetate,  CiH^NaO.^,  and  left  a  mixture  of  their  powders  for  several 
months  in  a  desiccator.  An  interchange  of  metals  took  place,  as  was  seea 
from  the  fact  that  the  resultant  mass  vigorously  attracted  the  moisture 
of  the  air  owing  to  the  formation  of  sodium  nitrate,  NaNOj,  and 
potassium  acetate,  CiHaKO^,  both  of  which  are  highly  hygroscopic."' 

When  Berthotlet  enunciated  his  doctrine  the  present  views  of  atoms 
and  molecules  had  yet  to  be  developed,  but  it  is  now  necessary  to  sub- 
mit the  examination  of  the  matter  to  these  conceptions,  and  we  will 
therefore  consider  the  reaction  of  salts,  taJdng  M  and  N,  X  and  Y  as 

>•  U  M  X  and  X  Y  repraaent  the  motecaleB  o{  two  mUa,  t.nd  if  tliere  be  no  third 
iiibiiaacB  present  (such  an  wiiMr  in  h  solDtian),  Uie  fumuitioii  of  X  Y  would  ntno  be  poa- 
uible  ;  ior  instoncH,  cyanogen,  iodine,  &c..  are  cupftble  of  combining  with  simple  haloids, 
and  with  the  complex  groupa  which  pldy  the  part  uf  haloids  in  ualta.  BesideH  whiuh  tha 
UkltB  UX  and  NY  or  MY  with  KX  may  lorm  douhlv  Baits.  It  the  numlMr  ai  malecDlM 
beunequal,  or  if  the  valency  o[  the  elementa  contained  be  dltTerent,  ae  in  NaCI-fH^SOt. 
where  CI  is  a  aniTnlent  haloid  and  SO.j  is  biyalent,  then  the  matter  may  be  complicated 
b;  the  (onuBlion  of  other  campoands  besidex  MY  and  NX,  and  when  a  solrunt  parUn- 
pates  in  the  ai'tiou,  and  especially  if  in  a  large  proportion,  then  the  phenomena  miut 
evidently  beoome  still  more  complex ;  and  this  ia  actnally  the  case  in  reality.  Therefiwe 
in  placing  before  the  reader  a.  certain  portion  of  the  eriating  aloie  of  matter  eonceming 
the  phenomena  of  double  aaline  decom[tositionH  I  eannot  canaider  tbe  theory  of  the  HDb> 
JKt  as  <:omplEte,  and  have  therefore  limited  myself  to  a  few  data,  the  completion  of  wbioh 
rauat  be  looked  for,  witlioat  losing  sight  of  what  haa  been  aaid  above,  in  more  detailed 
works  on  tlie  sabject  of  theoretical  chemistry, 

■*''  When  the  miitore  of  potaanium  nitrate  and  aodinin  acetate  was  heated  hy  SprinK 
to  1(10°  it  was  completely  fused  into  one  mass,  although  potaasinm  nitrate  tnaea  at  about 
S1U°,  and  sodium  nitrate  at  about  ,120°. 
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equivalent  to  each  other — that  is,  as  capable  of  replacing  each  other'  in 
toto,'  aa  Na  or  K,  i  Ca  or  JMg  (bivalent  elements),  replace  hydrogen. 
And  as,  according  to  Eerthollet's  doctrine,  when  niMX  of  one  salt 
comes  into  contact  w-ith  kNY  of  another  salt  a  certain  quantity  ,rMY 
and  3;NX  is  formed,  therefore  there  remains  ni— a;  of  the  salt  MX,  and 
»i  — a^  of  the  salt  JTY.  If  m  he  greater  than  n,  and  the  mass  of  M  and 
K  and  X  and  Y  be  equivalent,  then  the  maKimuni  interchange  could 
lead  to  x^n,  whilst  froni  the  salts  taken  there  would  ensue  jiMY+ 
bNX  +  (wi  —  i»)MX — that  is,  a  portion  of  one  of  the  salta  taken  would 
remain  unchanged  only  liecause  the  reaction  could  only  proceed 
between  jiMX  ami  nNY.  If  x  were  actually  equal  to  ?i  or  0,  the  mass 
of  the  salt  MX  would  not  have  any  influence  on  the  modus  operandi  of 
the  reaction,  which  is  essentially  according  to  the  teaching  of  Bergman, 
who  supposed  double  reactions  to  be  independent  of  the  muss  but  deter- 
mined by  affinity  only.  If  M  had  morw  affinity  to  X  than  to  Y,  and  N 
more  affinity  to  Y'  than  to  X,  then,  according  to  Bergman,  there  wouid 
be  no  decomposition  whatever,  and  x  would  equal  0,  If  the  affinity 
of  M  to  Y  and  of  N  to  X  were  greater  than  in  the  original  grouping, 
then  the  affinities  of  M  for  X  and  of  N  for  Y  would  act,  and,  according 
to  Bergman's  doctrine,  complete  interchange  would  take  place — i.e.,  x 
would  equal  n.  Accordiug  to  Eerthollet's  teaching,  a  distribution  of 
M  and  K  between  X  and  Y  will  take  place  in  every  case,  not  only  in 
proportion  to  the  measure  of  affinity,  but  also  in  proportion  to  the  moss, 
BO  that  with  a  small  affinity  and  a  large  moss  the  same  action  can  be 
produced  as  with  a  large  affinity  and  a  small  mass.  Therefore,  (1)  x 
will  always  be  less  than  n  ami  their  ratio  -  less  than  unity — that  is, 

the  decomposition  will  be  expressed  by  the  equation,  niMX+nNY  ^ 

(n»— a')MX  +  (n— 3;)NY-f-iMY-|-aTNX  ;  (2)  by  increasing  the  mass  in 
e  the  decomposition — that  is,  ihe  measure  of  x  and  the  ratio 


equal  1    and  the  fraction 


infinitely  large  quantity  ni  the  fraction  — '  will 
be  infinite,  and  tlie  decomposition  will 


{n-x) 

be  complete,  however  small  the  aflioities  MY  and  NX  may  be  ;  and 
(3)(if  m=n)by  takingMX+NYorMY  +  NX  we  arrive  at  one  and 
the  same  system  inbolkca»es  :  (w-x)MX+(i.-3;)NY  +  a-'irY+xN'X. 
These  direct  consequences  of  Eerthollet's  teaching  are  verified  in  reality. 
Thus,  for  example,  a  mixture  of  the  solutions  of  sodium  nitrate  and 
potassium  chloride  in  all  cases  has  the  same  sum  of  properties  as  a 
mixture  composetl  of  the  solutions  of  potassium  nitrate  and  sodium 
chloride,  naturally  under  the  condition  of  the  mixed  solutions  being  of 
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identical  composition.  But  this  similarity  of  properties  may  either 
proceed  froni  the  fact  that  one  system  of  salts  passes  Into  the  other  (as 
Bergman  professed),  in  conformity  with  tlie  prufJo ruinating  afhnitiea 
(for  instance,  from  KCl  +  NaNOj  there  proceeds  KNOj  +  NaCl,  if  it  be 
admitted  that  the  affinity  of  the  elements  of  the  hitter  system  be  grea,tier 
than  in  the  former)  ;  or,  on  the  otiier  hand,  because  both  systems  by 
the  intercliange  of  a  portion  of  tlieir  elements  give  one  and  the  same 
state  of  e(|uilibrium,  as  according  to  BerthoUet's  teaching.  EKperiment 
proves  the  latter.  But  before  citing  the  moat  historically  inipoi-tant 
experiments  verifying  BerthoUet's  doctrine,  wemust  stop  to  consider  the 
conception  of  the  mass  of  the  reacting  substances.  Berthollet  by  niaSB 
understood  the  direct  relative  quantity  of  substances  ;  but  now  it  is 
impossible  to  understand  this  term  otherwise  than  as  the  number  of 
molecules,  for  they  act  as  chemical  units,  and  in  the  special  case  of  double 
saline  decompositions  it  is  better  to  take  the  iiuml>er  of  equivalents. 
Thus  in  the  reaction  NaCl  +  H^SO^,  the  salt  is  taken  in  one  equivalent 
and  the  H,SO,  in  two.  If  ^NaCl  +  H^O,  act,  then  the  number  of 
equivalents  are  equal,  and  so  on.  Tlie  in fluenre  <if  iiuiss  on  the  measure 
of  decomposition  —  forms  the  root  of  BerthoUet's  doctrine,  and  there- 
fore we  wi!l  first  of  all  turn  our  attention  to  the  estabUshment  of  this 
conception  with  regard  to  the  double  decomposition  of  salts. 

About  1^40  H.  Rose  showed  that  water  decomposes  metallic  sul- 
phides like  calcium  sulphide,  CaS,  forming  hydrogen  sulphide,  H^S, 
notwithstanding  the  fact  that  the  affinity  of  hydrogen  sulphide,  as  aji 
acid,  for  Ume,  CaHjO^,  as  a  base,  causes  them  to  react  on  each  other, 
forming  calcium  sulphide  and  water,  CaS  +  2H.^0.  Furthermore,  Rose 
showed  that  the  greater  the  amount  of  water  acting  on  the  calcium 
sulphide,  the  more  complete  is  the  decomposition.  The  results  of  this 
reaction  are  evident  from  the  fact  that  the  hydrogen  sulphide  formed 
may  be  expelled  from  the  solution  by  heating,  and  that  the  resulting 
lime  is  sparingly  soluble  in  water.  Rose  clearly  saw  from  this  that 
such  feeble  agents,  in  a  chemical  sense,  as  carbonic  anhydride  and 
water,  by  acting  in  a  mass  and  for  long  periods  of  time  in  nature  on 
the  durable  rocks,  which  resist  the  action  of  the  most  powerful  acids, 
are  able  to  bring  about  chemical  change — to  extract,  for  example,  from 
rocks  the  bases,  lime,  soda,  potash.  The  influence  of  the  mass  of  water 
on  antimonious  chloride,  bismuth  nitrate,  &c.,  is  essentiaUy  of  the  same 
character.  These  substances  give  up  to  the  water  a  mass  of  acid  which 
is  greater  according  as  the  moss  of  the  water  acting  on  them  is  greater.** 

n  HUtoridjJiy  tl 
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Barium  sulphate,  fiuSO^,  which  is  insoluble  in  water,  when  fused 
with    sodium   carbonate,  Na,C(^)3,  gives,  but   not  completely,  barium 
carbonate,  BaCO,  (also  insoluble),  and  sodium  sulphate,  Na^SO,.     If  a 
solution  of  sodium  carbonate  acts  on  precipitated  barium  sulphate,  then   ' 
the  same  decomposition  is  also  accompli slied  (Dulong,  Rose),  but  it  ia 
restricted  by  a  limit  and  requires  time.  A  mixture  of  sodium  carl.wnate 
and  sulphate  ia  obtained  in  the  solution  and  a  mixture  of  barium  carbo- 
nate and  sulphate  in  the  precipitate.  If  the  solution  be  decanted  off  and 
a  fresh  solution  of  sodium  carbonate  be  poured  over  tlie  precipitate,  then 
a  fresh  portion  of  the  barium  sulphate  passes  into  barium  carbonate, 
and  so  by  increasing  the  mass  of  sodium  carbonate  it  is  possible  to 
entirely  convert  the  Ijarium  sulphate  into  barium  carbonate.      If  a 
definite  quantity  of  sodium  sulphate  be  added  to  the  solution  of  sodium 
carbonate,  then  the  sodium  carbonate  will  have  no  action  whatever 
on  the  barium  sulphate,  because  then  an  equilibrated  system.  det«r-    | 
mined  by  the  reverse  action  of  the  sodium  sulphate  on  the  barium 
carbonate  and  by  the  presence  of  tho  80<lium  carbonate  and  sulphate  in 
ihe  solution,  ia  at  once  arrived  at.     On  the  other  hand,  if  the  mass  ot   ' 
the  sodium  sulphate  in  the  solution  be  great,  then  the  l»arium  carbonate 
is  reconverted  into  sulphate  until    a  definite  state  of  equilibriut 
attained  between  the  reverse  reactions,  producing  the  barium  carbonate  t 
by  the  aid  of  the  sodium  carbonate  or  the  barium  sulphate  by  the  aid  | 
of  the  sodium  sulphate. 

Another  most  important  conception  of  BerthoUet's  teaching  consista  j 
in  the  existence  of  a  limil  of  exchayige  decotnpoailion,  or  in  the  attain- 
vtent  o/ a  alate  of  equilibrium.  In  this  respect  the  determinations  <rf  I 
Malagnti  (1857)  are  historically  the  most  important.  He  took  a 
mixture  of  the  solutions  of  equivalent  quantities  of  two  salts  MX  and 
NY,  and  judged  the  amount  of  the  resulting  exchange  from  the 
composition  of  the  precipitate  produced  by  the  addition  of  alcohol. 
When,  for  example,  zinc  sulphate  and  sodium  chloride  (ZnSO,  and 
liNaCl)  were  taken,  then  there  wei-e  produced  by  exchange  sodium 
sulphate  and  line  chloride.  A  mixture  of  zinc  sulphate  and  sodium 
sulphate  was  precipitated  by  an  exce&s  of  alcohol,  and  it  appeared  from 
the  composition  of  the  precipitate  that  72  per  cent,  of  the  salts  taken  I 
had   been  decomposed.      When,  howe^'er,  a  mixtui-e   of  solutions  ot] 

'eiLt,  BfCIITdLDg  to  til 

Hl'irit  ot  BiirthollHt'B  doctriDu. 

As  expUining  Ibe  action  of  the  id&sboI  wkter,  the  eiperimi'ntB  of  Pattinn  Huii 
an  vety  inatnu'tive.     ThKse  eiperimenta  deniiuiBtr&te  tlut  bismdCh  cUoride  i*  < 
poeed  the  more  the  greulvr  the  relative  qaantit;  of  water,  and  the  Iobi  the  duwb  ot  h; dr^  I 
chiolic  odd  (omung  one  of  the  products  of  the  leaclIoD, 
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sodium  sulphate  .inri  zinc  chloride  were  tAkeiu  rhe  precipitaxe  pre- 
sented the  same  ^'omponition  as  before^ — rhat  is,  ;ihout  2^*  per  cent,  of  the- 
salts  taken  had  lieen  subjected  to  decomposition.  In  x  similar  experi- 
ment with  a  mixture  of  sodium  chloride  and  mai?iesium  snlpiiate. 
2NaCl -f  MgHO  „  about  half  of  the  metals  were  subjected  to  decompo- 
sition, which  may  be  e:q>ressed  by  the  equation  4-2^aCl-^2Mi^>|  = 
2NaCl  +  MgSO,^\xaO,  +  M'i^U==^2Na580,-iM^CU.  A  no  less 
clear  limit  expressed  itself  in  other  ot'  Maiaguti's  researches  when  he 
investigated  the  above-mentioned  reversible  reactions  oi  rhe  insoiubi& 
salts  of  barium.  When,  for  example,  harmm  <jarbonate  and  sodinm. 
sulphate  (BaCOj-fXa^SOj)  were  taken,  then  al)out  T'l  per  cmt.  of  the- 
salts  were  decomposed,  that  is,  were  converted  int*^  l^arium  inipfaate^ 
and  sodium  carbonate.  But  when  the  two  latter  salts  were  taken*, 
then  about  19  per  cent,  of  the  salts  passed  into  barium  carbonate 
and  sodium  sulphate.  Probably  the  t*ntl  of  the  reaction  was  not 
reached  in  either  case,  because  this  would  requii'e  a  :zreat  time  anil  ;i. 
difficultly  attainable  uniformity  of  conditions. 

Gladstone  (1855)  took  advantage  of  the  colour  of  solutions  of 
different  ferric  salts  for  determining  the  measure  i)f  exchange  between. 
metals.  Thus  a  solution  of  ferric  thiocyanate  has  an  exceeding y 
intense  red  colour,  and  by  making  a  (Comparison  l>etween  the  colour  ot 
the  resulting  solutions  and  the  «*,olour  of  solutions  of  known  stren^^th/ 
it  was  possible  to  judge  to  a  certain  desrree  the  «|Uiintity  of  the 
thio^yanate  formed.  This  crjli*rimetric  metho<l  of  detemiin;ition  hat* 
an  important  significance  as  being  the  tirst  in  which  a  method  was  ap- 
plierl  for  determining  the  composition  of  a  solution  without  the  removal 
of  any  of  its  comp«'»nent  parts.  When  Gladstone  took  e<|uiv;ilent  quanti- 
ties of  ferric  nitrate  and  potassium  thiocyanate — Fe(N0jj:i-|-.3KCNS 
—  then  only  l."^>  f>er  cent,  of  the  salts  were  subjected  to  decomposition. 
On  inrr^asing  the  mass  of  the  latter  salt  the  quantity  of  ferric  thio- 
cyanat^e  formerl  increaserl,  but  even  when  more  than  30<)  e<|uivalent3  of 
potassinm  thi/'K'ryanate  were  taken  a  portion  of  the  iron  still  remained 
as  nitrate,  ft  is  evident  that  the  affinity  acting  between  Fe  and 
NO,  an<I  >»etween  K  and  CNB  on  the  one  hand  is  greater  than  the 
affinities  >ictir»g  ^>et,we^n  Fe  and  CNS,  together  with  the  affinity  of  K 
hrr  NO.^,  on  thti  other  hand.  The  investigation  of  the  variation  of 
the  f1fiorf^sf#^rKre  <if  <|uinine  sulphate,  as  well  as  the  variation  of  the 
TfAM'um  (4  th^  plane  of  polarisation  of  nicotine,  gave  in  the  hands  of 
(^\w]<f<fi}f'  tunny  prrK)fs  of  the  entire  applicability  of  BerthoUet's 
dorf rif>/»,  and  in  j»art.icular  demonstrated  the  influence  of  mass  which 
forms  fhf'  t^h'tf^f  distinctive  feature  of  the,  in  his  time,  but  little  appre- 
ciat'*'<l  U*whittf(  of  Berthollet. 
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At  the  beginning  of  the  year  1860,  tlie  doctrine  of  the  limit  of 
reaction  and  of  the  influence  of  maas  on  the  process  of  chemical  trans- 
formations received  a  very  important  support  in  the  researches  of 
Bertheltit  and  P.  de  Saint-Gilles  on  the  formation  of  the  ethereal  salts 
EX  from  the  alcohols  ROH  and  acids  HX,  when  water  is  also  formed. 
This  conversion  is  essentially  very  similar  to  the  formation  of  salts,  but 
ilifTers  in  that  it  proceeds  slowly  at  the  ordinary  temperature,  extend- 
ing over  whole  years  and  is  not  complete — that  is,  it  has  a  distinct 
limit  determined  by  a  reverse  reaction  ;  thus  an  ethereal  salt  RX  with 
-water  gives  an  alcohol  KOH  and  an  acid  HX— up  to  that  limit 
generally  corresponding  with  two  thirds  of  the  alcohol  taken,  if  the 
action  proceed  between  molecular  qumitities  of  alcohol  and  acid.  Thus 
common  alcohol,  CjH.,OH,  with  acetic  acid,  HC^HjO,,  gives  the  follow- 
ing  system  rapidly  when  heated,  or  slowly  at  the  ordinary  temperature, 
ROH-t-HX-(-2RX  +  2HjO,  whetherwe  start  from  :iRHO-(-3HX  or 
from  3RX  +  3HjO.  The  process  and  completion  of  the  reaction  in  the 
above-described  instance  are  very  easily  observed,  because  the  quantity 
of  free  acid  is  easily  determined  from  the  amount  of  alkali  requisite  for  . 
its  saturation,  as  neither  alcohol  nor  ethereal  salt  acts  on  litmus  and 
other  reagents  for  acida.  Under  the  influence  of  an  increased  mass 
of  alcohol  the  reaction  proceeds  further.  If  two  molecules  of 
alcohol,  RHO,  be  taken  for  every  one  molecule  of  acetic  acid,  HX,  then 
instead  of  66  p.c,  S5  p.c.  of  the  acid  passes  into  ethereal  salt,  and 
with  fifty  molecules  of  RHO  nearly  all  the  acid  is  etherised.  The 
researches  of  Menschutkin  in  their  details  touched  on  many  essential 
iispects  of  the  same  subject,  such  as  the  influences  of  the  composition 
of  the  alcohol  and  acid  on  the  limit  and  rate  of  eschange^hut  these,  as 
well  us  other  details,  must  be  looked  for  in  special  tt'eatises  on  organic 
and  theoretical  chemistry.  In  any  oise  the  study  of  etherilication 
supplied  chemical  mechanics  with  clear  and  valuable  iluta,  which  directly 
confirm  the  two  fundamental  propositions  of  Bertliollet  :  the  influence 
of  mass,  and  the  limit  of  reaction — that  is,  the  equilibrium  between 
opposite  reactions.  The  study  of  numerous  instances  of  dissociation 
which  we  have  already  touched  on,  and  which  we  shall  yet  meet  with 
on  several  occasions,  gave  the  some  results.  With  ro^pei-t  to  double 
saline  decompositions,  it  is  necessary  to  further  mention  the  researches 
of  Wiedemann  on  the  decomposing  action  of  the  mass  of  water  on  the 
ferric  salts,  which  could  be  judged  of  by  measuring'  tlje  magnetism 
of  the  solutions,  because  the  ferric  oxide  (soluble  coltcitd)  set  free  hy 
the  water  is  less  magnetic  than  the  ferric  salts. 

A  very  important  epoch  in  the  history  of  Berthollet's  doctrine  waa 
attained  when,  in  1867,  the  Norwegian  chemists,  Uuld'tr^  and  Waage,  I 
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submitted  it  to  an  algebraical  formula.  They  called  the  active  mass 
the  numV)er  of  molecules  occurring  in  a  given  volume,  and  allowed,  aa 
follows  from  the  spirit  of  BerthoUet's  teaching,  that  the  action  be- 
tween the  suVjstances  was  equal  to  the  product  of  the  masses  of  the 
reacting  substances.  Hence  if  the  salts  MX  and  NY  be  taken  in 
equivalent  quantities  (m=:l  and  n=l)  and  the  salts  MY  and  NX  are 
not  arlded  to  the  mixture  but  proceed  from  it,  then  if  k  represent  the 
coefficient  of  the  ratio  of  the  action  of  MX  on  NY  and  if  kf  represent 
the  same  coefficient  for  the  pair  MY  and  NX,  then  we  shall  have  at  the 
moment  when  the  decomposition  equals  x  a  measure  of  action  for  the 
first  pair  :  k  (1  ^x)  (1  —x)  and  for  the  second  pair  kfxx,  and  a  state  of 
er|uilibrium  or  limit  will  be  reached  when  k  (l—xy^k'x\  whence  the 
ratio  A/ifc'=[a;/(l  —  a:)]*.  Therefore  in  the  case  of  the  action  of  alcohol 
on  an  acid,  when  ^=|  the  magnitude,  k/k'=z4,  that  is,  the  reaction  of 
alcohol  on  the  acid  is  four  times  greater  than  that  of  the  ethereal  salt 
on  water.  If  the  ratio  kjk'  h^  known,  then  the  irtfluetice  of  mass  may 
bti  eoMlly  determined  from  it.  Thus  if  instead  of  one  molecule  of 
alcohol  two  be  taken,  then  the  equation  will  be  A:(2— as)  (1— a;)sKJfe'aar, 
whence  fl5^0'85  or  85  p.c,  which  is  close  to  the  result  of  experiment. 
If  300  molecules  of  alcohol  be  taken,  then  x  proves  to  be  approximately 
100  p.c.,  which. is  also  found  to  be  the  case  by  experiment.^^ 

But  it  is  impossible  to  subject  the  formation  of  salts  to  any  process 
directly  analogous  to  that  which  is.  so  conveniently  effected  in  etherifi- 
cation.     Many  efforts  have,  however,  been  mad#>.  to  solve  the  problem 
of  the    measure  of   reaction   in  this  case  also.      Thus,  for  example, 
Khichinsky  (1866),  Petrieff  (1885),  and  many  others  investigated  the 
distribution  of  metals  and  haloid  groups  in  the  case  of  one  metal  and 
several  haloids  taken  in  excess,  as  acids  ;  or  conversely  with  an  excess  of 
bases,  the  distribution  of  these  bases  with  relation  to  an  acid  ;  in  cases 
where  a  portion  of  the  substances  forms  a  precipitfite  and  a  portion  occurs 
in  solutii^n.     But  such  complex  cases,  although  they  in  general  confirm 
Berthollet's  teaching  (for  instance,  a  solution  of  silver  nitrate  gives  a 
portion  of  silver  oxide  with  lead  oxide,  and  a  solution  of  nitrate  of  lead 
precipitates  a  portion  of  lead  oxide  under  the  action  of  silver  oxide,  as 
Petrieff  demonstrated),  still,  owing  to  the  complexity  of  the  phenomena 
(for  instance,  the  formation  of  basic  and  double  salts),  they  cannot  give 


"  From  tlie  above  it  follows  that  an  excoBs  of  acid  should  influence  the  reaction  like 
an  excess  of  alcohol.  If  two  molecules  of  acetic  acid  be  taken  to  one  molecule  of  alcohol, 
then  it  is  indeed  shown  by  experiment  that  84  p.c.  of  alcohol  is  etherified.  If  with  a 
large  prei>onderance  of  acid  or  of  alcohol  certain  discrepancies  are  observed,  then  their 
OMLse  must  be  looked  for  in  the  incomplete  resemblance  of  the  conditions  and  outside 
influences. 
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simple  results.  But  mucli  more  instructive  and  coup1et«  »re  researches 
siniilnr  to  tbose  made  by  Pattisoa  Muir  (1876),  who  took  the  simple 
case  of  the  precipitation  of  calcium  carbonate,  CaCO^,  by  the  mixture  of 
solutions  of  calcium  chloride  and  sodium  or  potassium  carbonate,  and 
found  in  this  case  that  not  only  was  the  rate  of  action  (for  example,  in 
the  case  of  CaClj  +  Na^COj,  75  per  cent,  of  CaCO,  was  precipitated 
in  five  minutes,  85  per  cent,  in  thirty  minutes,  and  9-t  in  two 
days)  determined  by  tlie  temperature,  relative  mass,  and  aniouat  of 
water  (the  mass  of  water  decreases  the  rate  and  limit),  but  that  the 
limit  of  decomposition  was  also  dependent  on  these  induences.  How- 
ever, even  in  researches  of  this  kind  the  conditions  of  reaction  are 
complicated  by  the  non- uniformity  of  the  media,  inasmuch  as  a  portioa 
of  the  substance  is  obtained  or  remains  in  the  precipitate,  so  that  the 
Byst«m  is  heterogeneous.  The  investigation  of  double  saline  decompo- 
sitioDB  offers  many  difficulties,  which  cannot  be  considered  as  yet 
entirely  overcome.  Many  efforts  have,  however,  long  since  been  made. 
In  virtue  of  their  historical  interest,  I  will  cite  two  of  these  efforts, 
which  are  due  to  Thomsen  (1869)  and  Ostwald  (1876). 

Thomsen  applied  a  thermo-chemical  method  to  exceedingly  dilute 
solutions  without  taking  the  water  into  further  consideration.  He 
took  solutions  containing  lOOH^O  per  NaHO,  and  sulphuric  acid  con- 
taining iHjSO,+100H.,O.  If  these  solutions  be  mixed  in  such 
proportions  that  atomic  proportions  of  acid  and  alkali  would  act,  then 
for  forty  grams  of  caustic  soda  (which  answers  to  its  equivalent) 
there  should  be  employed  49  grams  of  sulphuric  acid,  and  then 
+  15689  heat  units  would  be  evolved.  If  the  normal  sodium  sulphate 
BO  formed  be  mixed  with  »  equivalents  of  sulphuric  acid,  then  a  certain 

amount  of  heat  is  absorbed,  namely  a  quantity  equal  to  , — ^TiVRi  heat 
units.  An  equivalent  of  caustic  soda,  in  combining  with  an  equivalent 
of  nitric  acid,  evolves  +  13617  units  of  heat,  and  the  augmentation  of 
the  amount  of  nitric  acid  entails  an  absorption  of  heat  for  each  equiva- 
lent equal  to  —  27  units  ;  so  also  in  combining  with  hydrochloric  acids 
+  13740  heat  units  are  absorbed,  and  for  each  equivalent  of  hydro- 
chloric acid  heyond  this  amount  there  are  absorbed  32  heat  unite. 
Thus  sulphuric  acid  evolves  a  somewhat  greater  quantity  of  heat  than 
nitric  and  hydrochloric  acids  ;  the  difference  being  approximately  equal 
to  2000  heat  units  per  equivalent  of  caustic  soda.  From  this  it  might 
be  concluded  that  nitric  acid  or  hydrochloric  acid  would  not  act  on 
sodium  sulphate.  In  reality,  Thomsen  found  this  not  to  be  the  case. 
Nitric  and  hydrochloric  acids  decompose  soiUuiii  sulphate  to  a  much 
more    oonsiderable   extent   than   sulphuric    acid    deconiposes    sodium 
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chloride  or  sodium  nitrate.  The  following  are  the  data  from  which 
Thonieen  deduced  this  conclusion.  He  mixed  any  one  of  these  three 
neutral  salts  with  an  acid  which  ia  uot  contained  in  it ;  fur  instance,  he 
mixed  ti  solution  of  sodium  sulphate  with  a  solution  of  nitric  acid  and 
determined  the  number  of  heat  units  then  absorbed.  An  absorption  of 
heot  ensued  liecause  a  normal  salt  was  taken  in  the  first  instance,  and 
the  mixture  of  all  the  above  normal  salts  with  acid  produced  an  absorp- 
tion of  heat.  The  amount  of  heat  absorbed  enabled  him  to  obtain  an 
insight  into  the  process  taking  place  in  this  intermixture,  for  sulphuric 
acid  added  to  sodium  sulphate  absorbs  a  considerable  quantity  of  heat, 
■whilst  hydrochloric  and  nitric  acids  absorb  a  very  small  amount  of  heat 
in  this  case.  By  mixing  an  equivalent  of  sodium  sulphate  with  various 
numbers  of  equivalents  of  iiitnc  acid  Thomsen  observed  that  the 
amount  of  heat  absorbed  increases  more  and  more  as  the  amount  of 
nitric  acid  was  inci'eased ;  thus  when  HNO3  was  taken  per  iNajSO^, 
1752  heat  units  were  absorbed  per  equivalent  of  soda  contained  in  the 
stidium  sulphate.  When  twice  as  much  nitric  acid  was  tjvken  2026 
heat  unite,  and  when  three  times  as  much  2050  heat  units  were  ab- 
sorbed. Had  tlie  double  decomposition  been  complete  in  this  case  when 
one  equivalent  of  nitric  acid  was  taken,  then  the  heat  evolved  would 
be  determined  by  the  sum  of  13617-15689-1650/1-8,  or  would  equal 
— 3969  heat  units,  if  it  be  admitted  that  sulphuric  acid  when  mixed 
with  NaNOj  absorbs  as  much  heat  as  when  mixed  with  INajSOj, 
But  as  in  reality  only  1752  heat  units  wei'e  absorbed  instead  of  2989 
units,  therefore  a  displacement  of  only  about  two-thirds  of  the  sulphuric 
acid  had  taken  place^that  is,  the  ratio  A ;  k'  tor  the  reaction 
;Na^S0,-l-HX03  and  NaNOa-fJHjSO,  ia  equal,  as  for  ethereal  salte, 
to  4,  By  taking  this  figure  and  admitting  the  above  supposition, 
Thomsen  found  that  for  all  mixtures  of  sodium  with  mtric  acid,  and  of 
sodium  nitrat«  with  sulphuric  acid,  the  amounts  of  heat  followed 
Guldberg  and  Waage's  law  ;  that  is,  the  limit  of  decomposition  re&ched 
was  greater  the  greater  the  mass  of  acid  atlded.  The  relation  of  hydro- 
chloric to  sulphuric  acid  gave  the  same  results.  Thus  on  mixing 
iNa,i80j  with  HCl,  the  thermal  result  of  experiment  was-  16H2,  and 
hy  calculation  —  1 690  ;  when  mixed  with  2HC1  the  experimental  result 
was-  1878  and  by  calculation— 1870,  with  4HC1  the  result  of  experi- 
ment was  - 1 896  and  by  calculation  - 1 91 7.  When  NaCl  +  JH,SO(  was 
taken,  then  experiment  showed  an  evolution  of  +  244  heat  units,  whilst 
from  calculittion  it  should  have  been  -|-  257  heat  units ;  on  doubling 
■the  quantity  of  acid  experiment  gave  -f336  and  calculation  +292, 
The  slight  differences  between  the  residts  obtained  by  experiment  and 
■calculation  are  due  to  the  unavoidable  errors  of  calorimetric  determi- 
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nations.  Tlierefore  the  researches  of  Thoniseii  fully  contimi  the 
hypotheses  of  Galdbei^  dnd  Waage  and  the  doctrine  of  BerthoUet." 

"  TlioinHcn  i^oDcludeB  liii  inve>.Cigiition  witli  the  words:  (a)  '  ^lien  equiv»1«nt 
(IdBiitLtifH  of  MnHO,HSOj  (or  HCl)  nnd  illjSO,  react  on  one  anotlierio  an  aqueous  »oln- 
tion,  tlwn  twa-tliir<ls  of  tlie  soda  combinea  with  the  nitric  and  one-third  with  the  Htilphuric 
■u-id ;  {h)  (hio  HubdiviHion  repenU  itself,  whether  the  Hoda  be  tuken  combinea  with  nitric 
or  witli  Knlphnric  acid ;  fc)  end  therefore  nitric  iwid  hati  double  the  tendency  to  combine 
uilli  tliu  buw  thut  Hulphnric  acid  has,  and  therefore  in  the  wet  way  it  is  a  stronger  acid 
tliitii  the  latter.' 

■  It  i-  tberetore  neceHHarj,'  Thomaen  aflerwanU  remarh»,  '  to  bave  an  eipri^snion 
inilicntinn  the  tendency  n(  an  acid  for  the  saturation  of  biiaee.  Tliis  ides  cannot  be 
fipreuseil  by  the  word  affinity,  because  by  this  term  is  most  often  understood  that  force 
nliich  it  is  necessary  to  overcome  in  order  to  decompose  «  substance  into  its  component 
purtB,  Tbia  force  >houhl  Iberefore  be  measured  by  the  amount  of  work  or  heat  employed 
for  the  deivmposition  of  the  substance.  The  above,  mentionei]  phenomenon  is  of  an 
entirely  diRerent  natnre,'  anil  Thomsen  introduces  the  term  avidily,  by  wbicli  he  desig- 
nates tlie  tendency  of  acids  for  neutralisation.  '  Therefore  the  avidity  of  nitric  acid  with 
res|iuct  lo  soda  is  twice  as  Rreat  aa  the  avidity  of  sulphnrio  acid.  An  exactly  similar 
result  is  obtained  with  hydrochloric  arid,  so  that  its  avidity  with  reBi>ect  to  soda  is  also 
double  the  avidity  of  snlphuric  acid.  ExperimentH  conducted  with  olber  acids  showed 
Ihiit  not  one  ol  the  acida  investigated  had  so  great  an  avidity  as  nitric  acid ;  some  bad  a 
gre»lrr  avidity  than  sulphuric  acid,  others  lens,  and  in  some  instances  the  avidity-O.' 
The  ri'adi'r  will  naturally  clearly  we  that  tlie  path  choien  by  Thomsen  deserves  beiog 
niitkol  out,  because  his  results  concern  important  cgnestions  of  chemistry,  but  great  faith 
cannot  lie  phiced  in  the  deductions  as  yet  arrived  at  by  Thomsen,  because  great  com- 
plesity  of  relations  is  to  tw  seen  in  the  very  method  of  his  inTe»ti)[ation.  It  ia  especially 
iiniH>rtant  to  turn  attention  to  the  fact  that  all  the  reactions  investigated  are  reactions 
of  double  deoumposition.  In  tliem  A  and  B  do  not  combine  with  C  and  diatribnte  them- 
iielvm  occonling  to  their  affliiity  or  avidity  tor  combination,  but  reversible  reactions  are 
iiidnml.  MXandJjyBiveMYand.NX,andconversely;  therefore,  the  affinity  or  avidity 
For  omibination  is  not  here  directly  determined,  but  only  the  difference  or  relation  of  the 
ailinilioB  or  avidities.  The  affinity  of  nitric  acid  not  only  for  tbe  water  o(  constitution, 
but  also  for  that  serving  for  solution,  is  mnch  less  than  that  of  sulphuric  acid.  This  is 
seen  from  thermal  data.  The  reaction  X,OjtH.jO  give^  -MMOU  heat  units,  and  the 
solution  of  tberesultanthydrate,  SMHO,,  in  a  large  eicess  ol  water  evolves  +  140MU  heat 
uiiils.  The  (onnation  of  SO,-l-HjO  evolves  +imiti  heat  units,  and  the  solution  of 
H.,Si),  in  an  evcess  of  water  ITHOU— tliat  is,  sulphuric  acid  gives  more  heat  in  both  cases. 
Tlie  intprcbangelietween  Na.,SO,  and  SHSOj  is  not  only  accomplished  at  the  eii^nse  of 
tbe  pn-lu'tion  of  Na.NO],  but  also  at  the  expense  of  the  formation  of  H.SOi,  hence  the 
atttuily  ot  sulphuric  ai-id  (or  water  pUys  its  part  in  the  pbenouiena  of  displacement 
Tbi-n-fiire  in  delemiinatioiis  like  those  made  by  Tliomsen  the  water  does  not  form  a 
nnilillin  which  is  iiresent  without  jiarticipaling  in  the  process,  but  surely  plays  its  own 

an  excms  of  sulphuric  aciti  to  form  the  acid  salt,  whilst  tile  salts  of  nitric  and  hydrochloric 
,u-ids  do  not  liave  this  property.  But  with  that  method  of  interpretation  of  (inldberg 
and  n'aH|.'e's  iledoction  which  is  given  in  tlie  text,  tbe  adaptability  o(  their  formula  to 
tbe  phenomena  observed  by  Thomsen  may  be  expectml,  notwithstanding  these  incidental 
actions,  altbongh  the  idea  of  the  relative  tendencies  of  acids  for  combining  with  alkalis 
cannot  be  deduced  (mm  the  coincidence  of  tlie  results  of  eiperiment  with  those  of  calcu- 
latirin.  tf  sodium  oxide  (Na-jO)  were  brought  into  contact  with  sulphuric  anhydride  and 
nitric  anhydride  (SO,  and  N^Oj.l  the  distribution  would  probably  be  different,  and  even  i( 
stronger  solutions  than  those  employed  by  Thomsen  were  taken  perhaps  the  result  would 
be  different,  more  especially  jnilging  from  what  is  said  in  the  folloning  note,  (Compw 
also  Cliapler  IX.  Note  11.) 

VOL.  I.  F  F 


484  PKINX'IPLES   OF   CHEMISTRY 

Whilst  retaining  essentially  the  methods  of  Thomsen,  Ostwald 
(ietenninecl  tlie  variation  of  the  sp.  gr.  (and  afterwards  of  volume)  pro- 
ceeding in  the  same  dilute  solutions,  on  the  saturation  of  acids  by 
bases,  and  in  the  decomposition  of  the  salts  of  one  acid  by  the  other, 
and  arrived  at  conclusions  of  just  the  same  nature  as  Thomsen  did. 
Ostwald's  metlio<l  will  be  clearly  understood  from  an  example.  A 
solution  of  oiustic  soda,  containing  an  almost  molecular  (40  grams) 
weight  per  litre,  had  a  specific  gravity  of  1*04051.  The  specific  gravities 
of  solutioiLS  of  equal  volume  and  equivalent  composition  of  sulphuric  and 
nitric  acids  were  1  02970  and  1  03084  respectively.  On  mixing  the 
solutions  of  NaHC)  and  H2SO4  there  was  formed  a  solution  of  Na^SO^ 
of  sp.  gr.  1*02959  ;  hence  there  ensued  a  decrease  of  specific  gravity 
which  we  will  term  Q,  equal  to  1-04051-1- 1-02970— 2(1  02959)= 0-01103. 
So  also  the  specific  gravity  after  mixture  of  the  solutions  of  NaHO 
and  HNO3  was  1-02633,  and  therefore  Q=0-01869.  When  one 
volume  of  the  solution  of  nitric  acid  was  added  to  two  volumes  of  the 
solution  of  sodium  sulphate,  a  solution  of  sp.  gr.  1-02781  was  obtained^ 
and  therefore  the  resultant  decrease  of  sp.  gr. 

Qi=2(l-02959)-hl-03084-3(l-02781)=0-00659. 

Had  there  been  no  chemical  reaction  between  the  salts,  then  according 
to  Ostwald^s  reasoning  the  specific  gravity  of  the  solutions  would  not 
have  changed,  and  if  the  nitric  acid  had  displaced  the  sulphuric  acid  Q^ 
would  be=0-01869-0-01103=0-00766.      It  is  evident  that  a  portion 
of   the   sulphuric  acid   was   displaced   by   the   nitric   acid.     But  the 
measure  of  displacement  is  not  equal  to  the  ratio  between  Q,  and  Q^, 
because  a  decrease  of  sp.  gr.  also  occui-s  on  mixing  the  solution  of  sodium 
sulphate  wuth  sulphuric  acid,  whilst  the  mixing  of  the  solutions  of 
sodium  nitrate  and  nitric  acid  only  produces  a  slight  variation  of  sp.  gr. 
which  falls  within  the  limits  of  error  of  experiment.     Ostwald  deduces, 
from  similar  data  the  same  conclusions  as   Thomsen,    and   thus  re- 
confirms the  formula  deduced  by  Guldberg  and  Waage,  and  the  teach -^ 
ing  of  BerthoUet.^** 

**  The  particii>ation  of  water  is  seen  utill  more  clearly  in  the  methods  adopted  by 
Ostwald  than  in  thoHe  of  ThonriHen,  becauHe  in  the  saturation  of  Holutions  of  acids  b^ 
alkalis  (which  Kremers,  Reinhold,  and  others  had  previously  studied)  there  is  ob8er\'ed^ 
not  a  contraction,  as  mi^ht  have  been  expected  from  the  quantity  of  heat  which  is  tlien 
evolved,  but  an  expansion,  of  volume  (a  decrease  of  specific  gravity,  if  we  calculate  aa. 
Ostwald  did  in  his  first  investigations).  Thus  by  mixing  llMO  grams  of  a  solution  of 
sulphuric  acid  of  the  composition  SO5  +  lOUH.^.O,  occupying  a  volume  of  1815  c.o.,  witli  a 
corresponding  quantity  of  a  solution  2(XaH0-^  r)H._,0),  whose  volume  ^1793  c.c,  we 
obtain  not  8l>0H  but  8638  c.c,  an  expansion  of  25  c.c.  per  gram  molecule  of  the  rehulting 
salt,  Na-jSOj.  It  is  the  same  in  other  cases.  Nitric  and  hydrochloric  acids  give  a  still 
greater  expansion  than  sulphuric  acid,  and  potassium  hydroxide  than  sodium  hydroxide^. 
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The  majority  of  the  above-mentioned  researches  were  carried  on  in 
fU|ueous  solutions,  and  as  water  ia  itself  a  saline  compound,  and  ii 
nlile  to  combine  with  salts  and  enter  into  double  decomposition  with 
them,  such  reactions  taking  pUce  in  solutions  in  reality  present  very 
complex  cases.  In  this  sense  the  reaction  between  alcohols  and  acids 
is  much  more  simple,  an<l  therefore  its  significance  in  confirmation 
of  Berthollet's  doctrine  is  of  particular  importance.  The  only  cases 
which  can  lie  compared  with  these  reactions  from  their  simplicity  are 
those  exchange  decompositions  investigated  by  G.  G,  Gustavson,  and 
which  take  place  between  CC)^  and  EBr,  on  the  one  hand  and  CBr, 
and  RClp,  on  the  the  other.  This  case  is  convenient  for  inve-stigation 
in  the  sense  that  the  RCt„  and  RBr„  taken  belong  (like  BClj.  SiCl,, 
TiCl,,  POCI3,  and  SnCl,)  to  the  number  of  substances  which  ar«  de- 
composed by  water,  whilst  CCl^  and  CBr,  are  not  decomposed  by 
water  ;  and  therefore,  by  heating,  for  instance,  a  mixture  CCli+HLBr, 
it  is  possible  t-i  arrive  at  a  conclusion  as  to  the  amount  of  interchange 
by  treating  the  product  with  water,  which  decomposes  the  SiBr,  left 
unchanged  and  the  SiCl,  formed  by  the  exchange,  and  therefore 
by  determining  the  composition  of  the  product  acted  on  by  the  water 
it  ia  possible  to  form  a  conclusion  as  to  the  amount  of  decomposiUon. 


whiUt «  Holntion  of  anunonin  gives  ■  conCraftiaQ,  The  Telationto  vktermunCbeconaidenid 
aH  the  Cftow  at  these  plienomena.  When  sodinm  Uydroiide  ood  sulphuric  ucid  diaooWB 
in  water  (hey  develop  heat  uid  give  a  rigorout  unntraotion  ;  tile  water  is  aepimted  from 
such  solnCions  with  great  difficulty.  After  mutual  naturaLion  the;  form  the  B>lt  NajSO,, 
which  retaina  the  water  but  feebly  and  ei'olTsa  but  little  heal  with  rt.  which,  in  a  word, 
has  little  affinity  tor  water.  The  water  ill  the  aaluratioa  ot  mlphuric  acid  by  soda  is,  ao 
to  nay,  displiu>ed  from  a  lUble  combination  and  pasneii  into  an  unstable  combinatioii ; 
henve  an  expansion  (decrease  of  sp.  gr.)  takes  place.  It  is  nut  the  reaction  of  the  aoid  on 
the  alkali,  but  the  reaction  o(  water,  that  prodnces  the  phenonieaon  by  which  Ostwald 
desires  to  neasure  the  degree  ot  salt  lomiatioii.  The  water,  which  escaped  (LttenUon, 
itsull  has  affinity,  and  influences  those  phennmena  which  are  being  inrestigated.  Further, 
mora,  in  the  given  instance  its  influence  is  very  great  because  its  nuas  is  large.  Whan  it 
ia  not  present,  or  only  present  in  small  quantities,  the  affinity  ol  tlie  base  to  the  aoid  leada 
to  conCraotion.  and  not  eipansion.  Na.jO  baa  asp.  gr.  9'8,  hence  its  volBnie'29;  the 
sp.  gr.  ot  80s  is  10  •"^  Tolome  41,  hence  the  sum  ot  their  rolnmes  is  08,  ojid  tot 
Vt^Of  the  sp.  gr.  is  j-SS  and  volume  tS'S,  consequently  a  contraotiou  ol  10  e.o.  per  gram 
molecule  of  salt.  The  volame  of  H,,SO,-fiS'a,  that  ot  SN'aHO^ST'i;  there  is  produued 
:UL/>,  Tolume^BS  +  Na^SO,,  i-olame^S8'S.  There  react  DU'Tc.c.andon  •aturatian  thera 
reaolts  SB'S  co. ;  oonaequently  contraotton  again  ensue*,  although  leas,  and  although  thii 
ruuclinn  is  one  of  inbatitution  and  not  of  combination.  Consequently  the  phen 
studied  by  Ostwald  hardly  depend  on  the  meaanre  ot  the  reaction  ot  the  t  ' 
on  the  relation  ol  the  snlntaiices  dissolved  lo  water.  In  substitutions,  tor  ins 
aNaSOj  +  UfiOj  =  aHNO,  +■  NajSO,,  (be  volumes  vary  but  slightly ;  in  the  above  ei 
they  are  9(tiS-B)  t  SH'S  and  3«M|  .t-SS-O ;  he^c(^  IHI  valuRies  act, and  130  volnmes  ai 
dnced.     It  may  bethought,  thorefore.  on  the  basis  of  what 

water  into  consideration  the  phenoinena  studied  by  ThriniMn  and  OstwsM  prove  lo  be 
much  more  complex  than  tliey  at  first  appear,  and  that  this  method  can  scarcely  load  In 
a  right  Judgment  as  (o  the  distribution  of  acids  helweeii  baaes. 


Tin-  mi^iiin-  r.irt  li•A•:l\■^  fnnn**fl  \viTii  ♦*fiuivnieut  ■luanririKS  —  tor  iji- 
:*^i!M*\  tr/'l,  I  ;iri;p,.  it  ,M,y,*«pRfl  ^-har.  "■her^^*  -.vari  'v»  •^Xt^hanir**  wiiar- 
pv**!'  Of  I  --.iiM|»U'  i  II  trn  II  ivt.im\  out  rliar  it  prooet-*iM,  ind  riieii  -iiowiy, 
wlioii  I  ho  iiMvfiiro  l^  )ifat>>rl  '  for  <^\*;iiiipie  wirh  rlie  .il)ov'e-^iTifM|  niixnir** 
■if.  I  ^;  I 'Ml  |>/'r  r-^nt.  ot'  T']  was  iv»|ii;«'wi  hv  Br  after  I  t  <Lays  iieatinir. 
;infl  *'*•<>  |i"r'"Tit.  niter  2>*  'lays,  ami  iO'lJ  per  -^enr.  when  lieatefl  ar 
|.V»'  ffir  ♦iO  (\il\•'^,  A  iiinit  was  aiway^  r»-a«;hHil  which  oinT»^spoinietl 
wit.h  Mm*  f'/»iii)»lciii#%iit>il  -ty^f.eiii  :  Utr  •rxamplf.  in  th^;  iri^'*?n  instance  to  cne 
AyAfont  [\:\W^  «-  \( ',< ']  ^.  Ho  in  this  last  ^U'.h  per  -rent,  iif  bromine  in 
fho  f;!;?-,  .v,i-«  ri'yil;i«-w|  l-^y  ••hiorine  :  rhaf  is,  there  w;i.s  iji")t.amed  "^'i'V)? 
mok/-iilo^  of  I'/'l.^  iirifl  thf-re  remaineii  10-0'2  inoIe<ruie>!  of  BBr,,  and 
f-hor^'t'oro  Ml**  •;iiin'*  ^fJlf/•  of  erjuiliVjrinm  was  rea<he<l  :i.s  rhar  Lri^"**!!  by 
th"  ^y-<t''iii  Hi^M^  ^-^('.\^r^.  fVith  Hy-»t»'ms  iri,i>  one  and  the  same  state 
of  or|iiili^rtiiiii  .it  flir-  limit.,  ;ts  follows  from  Berthoilet -s  liix/trine.-^^ 

""'■  (r.  ft  'ill-*.!'  «,ii'^  i'f'**-AO'\i*-'*.  ".viiirli  'X**rf.  <''iniiin  Vii  .n  *ii»*  .uimr  iftir".'  ■'>f  ti;»- 
-4f  i'fl<T  tftii/  r  III  "r-itv  .11  I'^TI-T'J.  'liv  .imnnu'  riie  r..*-t  !ii  '.vhuh  rli*:' lut^iij-ur*-  t 
lh«'  jiniiii'v  '.f  Mh"  "l*•Tll'•ll^-l  fr.r  li.ilniriM  .ipiifar-i  w.th  p»-rf''it.  iU«iir'i»i«>  '.n  :.h»-  ;:niit  if 
•ii|li«iti<ii'iriri  .111*1  .11  fill-  r.if*"  '.f  f*"tutirin.  Thi*  rMHt^ir'-lies  i:'iniiiiiT»fi]  l>y  A.  L.  P'^rili^:;;]! 
^#if  '.v)ii«  li  iii<-ntii.ii  ".v.; I  \,o  iiimU'  ,11  f  liiipter  XT.  N'.t>*  •»»!  in  'in*  -iiiiie  ".;ilM..r.i:«  rv  ii-ai  li  i-n 
iiiiritlirr  .tuji/M  /,f  ifif  4nm»:  |ir'ilii*!Tn  which  ha-  nof,  vrt  nuul*-  nia».ii  pri."jT***«'».  n^itwith- 
Htflri'lin*/  itu  iiii|ir>rSiiu-«>  .iii'l  th#*  f.ut  thiit  t.h»"  *h»-*»rHt.i  jil  •«itl»^  --f  thi-  ■labjtrfr.  Uuink'> 
frtfrf"  iitHv  iff  f  ftt\,\\,t'ri(  .if\A  V'.tn'r,  Pfiiff  has  -"inrH  V»^t-n  r.ipiil'.y  pii:«iii;ii  frinv.ir'l.  ItW"ii:ii 
fr«»  vrv  irii)i*irt  ml.  if  th**  n*«.<"jtr«h#'M  of  ^jinT.^ivaDn  fiin<ii»-fl  on  thr  inrtiirnre  ■  t  riui>-i.  imi 
whrf  in«>rr'  full.'  -'iipfilii'/l  with  'l.it>i  ■  /.iittTiMni^  vf-liKiti^-s  ,i»il  t»'nijitfr:irin>'i.  l>*M;an-^  ot 
♦  h*'  vff'it  -ii'/Mili'  .UK*'  -.vhi*  h  ih*'  \ti^i-inf  f^  ri>n-i;'l*T«*»l  1m-i  f'lr  the  untlrr-it.m'iin^i  nf  <li-ulse 
^nlinr*  'l*'*-*irM}M.'Jit ioMJ  ,n  th«'.  '  .ihs*Mif  n(  w.tU-.r.' 

h'tirl)i'riu'.t'*'.  f'tintif.-um  ->hi»w*'<l  that  thr-  ;fr»*,it»rr  th*-  .it.oiiiii;  v*:i;rli:  *>(  th*^  ♦.■ienit^iit 
^  M,  Ml,  Ti,  \-i.  .-»ii  '-"iiihiiK"!  //;////  rhhtrhit*  fh»*  ;/r»-nt*-r  rh**  .tiiii>riiit  ''f  •.lilnriiiH  ri.»plai.»ril 
hy  Ipf'inifir-  h-,  Hi«-  ,iM,ioii  of  (WW^.  aiid  rfins#**inf*ntly  th*?  l*"^-.  th*r  .iiii'iinit  <>f  bn">miii«»  r»?- 
y\n**'t\  )>','  rhl'iniic  l.y  tli*-  ,u;t.iiiii  of  ('('.\^  on  hrrnniiifr  rfiin[K>tinf]'i.  F'<^r  in^tAiict-,  f-^r 
rlilfiriiir  /oriipoiiiifl-t  \\\*'  p»'rr''iit.rti.'';  <t{  •iiilt^titiitioii    ,it  thf  limit!  is — 

r;ri,  sici,  Tin,  Asri-  snci^ 
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h,  lihoiilfl  U-  oh^#r'. 'vl,  h'iiv«'v<*r.  Unit  Thorp*',  ftn  th**  ha.-is  of  his  »'xp*riinents.  dvnifs 
\-h**  iirii\cr*iiihf V  of  thi't.  \  iiiiiy  iiM'titiriti  oii(r  roruhmioii  which  it  ;ip]X':irs  to  int?  iiiuv  l>t> 
flrnwii  fi'«iM  fh'*  iil»o\»'  v\U'i\  fi^'iin'M  (A  (rimtavHon,  if  ihfv  fiirthiT  v«rify  thrmselvfs  ewii 
withrfi  riiirio'.v  hiiiiU  If  Chr,  \tf  )u'at**H  with  HClj,  thf-n  an  ♦jxchaii;;*'  of  the  bromim;  by 
I'hhirlni'  f  iik<'.s  phn#'.  Iliif.  w^liat.  woiihl  1m;  tin-  n*Hult  if  it  were  mixed  witli  CC.'l ,  ?  Jud^iii^ 
by  !Im«  inn>;fiitiiib-or  t|i#'  atoiiiir  weij^htn,  H  11,  C-  12,  Si  -  2m,  aVKmt  11  p.c.of  the  chlorine 
wiHibi  bf>  rcphirt-d  by  brorriiti«'.  Hilt  what  dfK'x  thirt  Hi^^iify  ?  I  think  that  thin  shows  the 
l»«i«!»»nr<'  of  M  iiiovorMcnt.  of  the  atoniH  in  th«  inoWulc.  The  mixture  of  CCI4  and  CBr, 
<1fN>fl  not  HMiniin  in  11  st.iit4>  of  Htatic  fquilibrinm ;  not  only  arc  the  molecules  containe<1  in 
it  ill  fl  nliihMif  iiiMViMni'iit  but  alHo  tlie  atoiUH  in  the,  inoleculeK,  and  the  above  fij;ures  show 
ili«»  ini'imnif  of  Mii'ir  trniiHlation  under  theM.*  conditionn.  The  bromine  in  the  CBr,  is, 
tfithhi  thr  hniH.  ^iibstitiitfd  by  tlie  chlorine  of  the  CCl,  in  a  (piantity  of  about  11  out  of 
lINI;  tbnl  ia,  a  portion  of  the  atoniR  of  bromine  previoiiHly  to  thiH moment  in  combination 
wiUi  fwie  nioin  of  i-iirbon  ]»fmH  over  to  the  other  atom  of  carbon,  and  the  chlorine  paRK(>4  over 
ffimi  thin  Mei'fiiid  nirftiii  of  ctirlNin  in  n'i)lace  it.  Therefore,  alwi,  in  the  homo^^eneouR  maRft 
GOI4  ftil  the  iitoniH  of  (M  ilo  not  remain  conHtiintly  combined  with  the  same  atoms  of 
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Thus  we  now  find  ample  confirmation  from  various  quarters  for  the 
following  rules  of  Berthollet,  on  referring  them  to  double  saline  decom- 
positions :  1.  From  two  salts  MX  and  NY  containing  difierent  lialoids 
;ind  metals  there  result  from  their  reaction  two  others,  MY  and  NX, 
but  such  a  substitution  will  not  proceed  to  the  end  unless  one  product 
passes  fnini  the  sphere  .of  action.  2.  This  reaction  is  limited  by  the 
existence  of  an  equilibrium  between  MX,  NY,  MY,  and  NX,  because  a 
reverse  reaction  is  quite  as  possible  as  the  diret-t  reaction,  ;i.  This  limit 
i^  determined  by  both  the  measure  of  the  active  affinities  and  by  the  rela- 
tive masses  of  the  substances  measured  by  tlie  nunilwr  of  the  reacting 
molecules.  4.  Other  conditions  being  constant,  the  chemical  action  is 
proportional  to  the  product  of  the  chemical  masses  in  action.^' 

Thus  if  the  salts  MX  and  NY  after  reaction  partly  formed  salts  MY 
anil  NX,  then  a  state  of  equilibrium  is  reached  and  the  reaction  ceases  ; 
but  if  one  of  the  resultant  compounds,  in  virtue  of  its  physical  properties, 
passes  from  the  sphere  of  action  of  the  remaining  substances,  then  the 
reaction  will  continue.  This  exit  from  the  Bpliereof  action  depends  on 
the  jihy^ical  .properties  of  the  substance  and  on  the  conditions  under 
whi''li  the  reaction  takes  place.  Thua,  for  instance,  the  salt  NX  may, 
in  the  case  of  reaction  lietween  solutions,  separate  as  a  precipitate,  us 
an  insoluble  substance,  while  the  other  thi'ee  substances  remain  in  solu- 
tion, or  it  may  pass  into  vapour,  and  in  this  manner  also  pass  away 
frou)  the  sphere  of  action  of  the  remaining  substances,  Let  us  now 
suppose  that  it  passes  away  in  some  form  or  other  froiii  the  sphere  of 
action  of  the  remaining  substances— for  instance,  that  it  is  transformed 
into  a  precipitate  or  vapour ^then  a  fresh  reaction  will  set  in  and  a 

i-iirliini,  mill  lliirfiinn  rxriiaiigf  of  atoiiiibetieeen  dij'rreiit  uiiileriilet  in  a  homugeneoui 
iiieiliiiin  alto.  TIiIh  hypotlieiiiH  inBjr.  iu  mjr  opinion,  eii)ilaiii  cettain  pheunmen* of  diimo- 
i.'intiiiii,  lint  in  mi-ntiriiiiiig  it  I  do  not  ciHiBider  it  powrible  to  liu^r  on  it.  I  will  only 
olKKTve  tliiit  II  HimiUr  hyjnllivWH  MigKested  itiielf  tu  nw  in  in;  rexvaivheH  on  miIuUodi, 
iinil  tliHt  PluiinillvT  eHnvntiully  etiuni-iated  ■  dmilar  hypotlieHiK,  uid  in  rectnt  tiinet  k 
liku  vi<!w  io  brRimiinK  to  diflune  iUelf  witli  respect  to  tlie  plmrulyKiH  ii[  lulinu  Holutionii. 
"  BorthoilefH  .loctrine  tan  hardly  be  in  any  way  undermined  wlien  it  ir,  Hhnwn  that 
tllele  am  caaea  in  whidi  tliere  in  no  decompoHition  between  italta,  because  in  principle 
the  affinity  may  l>v*oBniall  thalalarKeniaiiHwoulclatillgivcnn  observable  dixplacementa. 
Tlie  (nnt]iLn>vnt.d  condition  n(  the  aclai>tnbility  of  Bertliollet*s  doctHne,  as  well  as 
l>K'ville's  iloclriiie,  of  diBsiH'intion  liea  in  tliereversihilily  of  reactions.  As  tliere  areprac- 
tii'ally  mireversible  reactious  (fci  inshuice,  CC1,  +  9H.p  ^  CO.,  -f  4HCI),  and  aa  nun-volatile 
Aabstancesdu  eiiat.  so  whilst  accepting  the  iloctrine  of  reversible  reactions  and  retaining 
the  diH'trines  of  the  evaporation  ol  liquids,  it  is  possible  to  admit  the  eiistencv  of  non- 
volatile snbstances,  and  in  just  the  same  way  of  reaction  without  any  visible  conformity 
to  Berthollet's  doctrine.  This  doctrine  evidently  approaches  nearer  than  theoppoaits 
diM^trine  of  BerKmau  to  the  solution  of  the  complex  problems  ot  chemictU  meduuiici, 
fur  the  succetisful  resolution  of  which  at  the  present  time  the  richest  froiti  are  to  be 
eipecteil  from  the  working  out  o(  data  conueming  dissociation,  the  infloenca  ol  maas, 
and  the  equilibriam  and  velocity  of  reactions. 
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reformation  of  the  salt  NX.  If  it  be  removed,  then,  although  the 
quantity  of  the  elements  N  and  X  in  the  mass  will  be  diminished,  still, 
according  to  Berthollet's  law,  a  certain  amount  of  NX  should  be  again 
formed.  When  this  substance  is  again  formed,  then,  owing  to  its 
physical  properties,  it  will  again  pass  away  ;  hence  the  reaction,  in 
consequence  of  the  physical  properties  of  the  resultant  substance,  is 
able  to  proceed  to  completion  notwithstanding  the  possible  weakness  of 
the  attraction  existing  between  the  elements  entering  into  the  compo- 
sition of  the  resultant  substance  NX.  Naturally,  if  the  resultant 
substance  is  also  formed  of  elements  having  a  considerable  degree  of 
affinity,  then  the  complete  decomposition  is  considerably  facilitated. 

JSuch  a  representation  of  the  modus  operandi  of  chemical  trans- 
formations is  applicable  with  great  clearness  to  a  number  of  re- 
actions studied  in  chemistry,  and,  what  is  especially  important,  the 
application  of  this  aspect  of  Berthollet's  teaching  does  not  in  any  way 
require  the  determination  of  the  measure  of  affinity  acting  between  the 
substances  present.  For  instance,  the  action  of  ammonia  on  solutions 
of  salts  ;  the  displacement,  by  its  means,  of  basic  hydrates  soluble  in 
water  ;  the  separation  of  volatile  nitric  acid  by  the  aid  of  non- volatile 
sulphuric  acid,  as  well  as  the  decomposition  of  table  salt  by  means  of 
sulphuric  acid,  when  gaseous  hydrochloric  acid  is  formed  — may  be 
taken  as  examples  of  reactions  which  proceed  to  the  end,  inasmuch  as 
one  of  the  resultant  substances  is  entirely  removed  from  the  sphere  of 
action,  but  they  in  no  way  indicate  the  measure  of  affinity. -^^ 

^  Common  salt  not  only  enters  into  double  decomposition  with  acids  but  also  with 
every  salt.  However,  as  clearly  follows  from  Berthollet's  doctrine,  this  form  of  decom- 
position will  only  in  a  few  cases  render  it  possible  for  new  metallic  chlorides  to  be  ob- 
tained, because  the  decomposition  will  not  be  carried  on  to  tlie  end  unless  the  metallic 
chloride  formed  separates  from  the  mass  of  the  active  substances.  Thus,  for  example, 
if  a  solution  of  conmion  salt  be  mixed  with  a  solution  of  magnesium  sulphate,  double 
decomposition  ensues,  but  not  completely,  because  all  the  substances  remain  in  the  solu- 
tion.  In  this  case  the  decomposition  may  result  in  the  formation  of  sodium  sulphate  and 
magnesium  chloride,  substances  which  are  soluble  in  water;  nothing  is  disengaged, 
and  therefore  ihe  decomposition  2NaCl  4-MgSO,-MgCl2  + Niu.SO.,  cannot  proceed  to  the 
end.  However,  the  sodium  sulphate  formed  in  this  manner  may  be  separated  by  freezing 
the  mixture.  Sulphate  of  sodium  is  sparingly  soluble  in  the  cold,  and  therefore  if  a  suffi- 
ciently strong  solution  of  common  salt  and  magnesium  sulphate  be  taken,  the  resulting 
sodium  sulphate  will  separate  out  in  the  cold  as  crystals  containing  water  of  crystallisa- 
tion. The  complete  separation  of  the  sodium  sulphate  will  naturally  not  take  place,  owing 
to  a  portion  of  the  salt  remaining  in  the  solution  in  the  cold.  Nevertheless,  this  kind  of 
decomjx)sition  is  made  use  of  for  the  preparation  of  sodium  sulphate  from  the  residues 
left  after  the  evaporation  of  sea-water,  which  contain  a  mixture  of  magnesium  sulphate 
and  conmion  salt.  Such  a  mixture  is  encountered  at  Stassfurt  in  a  natural  form.  The 
separation  is  sometimes  carried  on  by  means  of  artificial  cooling  by  refrigerating 
machines.  It  might  be  said  that  this  form  of  double  decomposition  is  only  accomplished 
with  a  change  of  temperature ;  but  this  would  not  be  true,  as  may  be  concluded  from 
otlier  analogous  cases.     Thus,  for  instance,  a  solution  of  copper  sulphate  is  of  a  blue 
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As  a  proof  that  double  decompositions  like  the  above  are  actually 
;itccitiiplLshed  in  the  sense  of  Berthollet'a  ducti-ine,  the  fact  may  be  cited 
that  table  .salt  may  be  entirely  decomposed  by  nitric  acid,  and  nitre  may 
l>e  completely  decomposed  by  hydrochloric  acid,  just  as  they  are  decom- 
jxised  ljy  sulphuric  acid  ;  but  this  only  takes  place  when,  in  the  firrt 
in.stjince,  an  excessof  nitric  acid  is  tuken,  and  in  the  second  instance  with 
nn  excess  of  hydrochloric  acid  for  a  given  quantity  of  the  sodiun)  salt, 
and  if  the  resultant  acid  passes  off.  If  sodium  chloride  be  put  into  a 
porcelain  evaporating  basin,  nitric  acid  be  added  to  it,  and  the  mix- 
ture lie  heated,  then  both  hydrochloric  and  nitric  acids  are  expelled  by 
the  heat.  Thus  the  nitric  acid  partially  acta  on  the  soclium  chloride, 
but  on  heating,  as  both  acids  are  volatile,  they  are  both  converted  into 
vnpiur  ;  and  therefore  the  residue  will  contain  a  mixture  of  a  certain 
quantity  of  the  sodium  chloride  taken  and  of  the  sodium  nitrate  formed. 
If  a  fresh  quantity  of  nitric  acid  be  then  added,  reaction  will  again  set 
in,  a  certain  poi'tion  of  hydrochloric  acid  is  again  evolved,  and  on  heat- 
ing is  expelled  together  with  nitric  acid.  If  this  be  repeated  several 
times,  it  is  pikssible  to  expel  all  the  hydrochloric  acid,  and  to  obtain 
sckHuui  nitrate  only  in  the  residue,  If,  on  the  contrary,  we  take 
.sodium  nitrate  anil  add  hydrochloric  acid  to  it  in  an  aqueous  solution, 
then  reaction  again  sets  in,  a  certain  <|uantity  of  the  hydrochloric  acid 
displaces  a  portion  of  the  nitric  acid,  and  on  heating  the  excess  of 
hydrochloric  acid  passes  away  with  the  nitric  acid  formed.  On  repeat- 
ing tlii.s  process,  it  is  possible  to  displace  the  nitric  acid  with  an  excess 
of  hydrochloi'ic  acid,  just  as  it  was  possible  to  displace  the  hydrochloric 
acid  by  an  excess  of  nitric  acid.  The  influence  of  the  mass  of  the  sub- 
stance in  action  and  the- influence  of  volatility  is  here  very  distinctly 


W.  11  'i.Uition  of  copjier  cliloriile  in  Krveii.  H  ue  mix  liutli  iwlla  together  the 
"  'listiiictly  vJKilile.  ho  that  by  tlii-  iiiesiiH  tlxe  ]>rei>eiiue  of  the  vupi-er  chloride 
.icjii  1)1  copiwr  xulphale  is  vleariy  seen.  If  now  oe  add  a  uohition  of  coiiiiiion 
luti'in  nf  v<)i<iwr  inli'liate  a  gnea  cot)rii.tii>ii  in  obtained,  which  indicnl«>>  the 
if  rnjipvr  I'liWiile.  In  thii  instauce  it  iit  not  HepMrated,  but  it  is  immedialeljr 
ihi-  luhlitinii  of  common  Milt,  an  il  iilionlil  be  accordint;  to  BertholWt's  doctrine. 
ii|i]i-lc  foniialiim  of  a  meUUio  chloride  froni  eoiniuon  Halt  van  only  iK-cnr, 
ni  lln!  aliiive,  when  it  neiiarates  fnnn  tile  sphere  ot  iicticm.     The  iialtH  of  silver 

.dilution  of  aodiuiD  eliloride  to  a  nolntiuii  of  a  nilver  Malt,  tlien  oilvcr  chloride 
lium  aalt  of  tiint  acid  wliich  woa  in  the  ulver  ult  are  fonned.  The  amount 
hhiride  fomuHl  iiuniediately  leparatea  from  the  Holution,  becanne  it  is  iu- 
untirT,  and  tliH  reiLctiou  in  coniieqnence  in  farther  directed  to  the  end — Ihatii, 
rliole  i|uan(ity  ol  the  ailver  i«  separated  or  all  the  chlorine  paaoeH  into  ulvei 
riiis  iiiL'tliixl  in  made  u^e  uf  (or  Bfl|>i>raling  Hilver  from  ile  Bolutions,  and  alao 
niiit;  the  quantity  ol  chlorine.  It  nimt  nr>l,  however,  be  forgotten  that  silver 
Rlightly  Mluble  inwaCur  and  still  more  «o  in  a  Holution  of  wdium  chloride,  and 
'ore,  a  certain  trace  ol  silver  escapes  precipitation. 
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aeen.  Hence  it  may  be  aflirmed  that  sulphurit  iioid  does  not  displace 
hydroclilovic  acid  because  of  an  especinlly  high  degree  of  affinity,  but 
tliat  this  reaction  is  only  carried  on  to  the  end  because  the  sulphuric 
acid  is  not  volatile  whilst  the  hydrochloric  acid  which  is  formed  is 
volatile. 

The  preparation  of  hydroi-hloric  acid  in  the  laboratory  and  on  & 
large  scale  is  based  upon  these  data.  In  the  tirst  instance,  an  excess 
of  Bulphuiic  iicid  is  employed  in  order  that  the  i-eaction  may  proceed 
eoisily  and  at  a  low  temperature,  whilst  oa  a  large  scale,  when  it  is 
necessary  to  economise  every  materia!,  equivalent  quantities  are  taken 
in  order  ti;>  olitain  the  normal  salt  NajSO,  and  not  the  acid  salt  {p,  422), 
which  would  re<.[uire  twice  as  much  acid.  It  may  be  remarked  that 
dry  hydrochloric  acid  is  a  gas  which  is  very  soluble  in  water.  It  is 
most  frequently  used  in  practice  in  this  state  of  solution  under  the  name 
c  acifl.^'  


In  chemical  woik.s  i.lie  decomposition  of  sodium  chloride  by  means  of 
sulphuric  acid  is  carried  on  on  a  very  large  scale,  chiefly  witli  a  view  tO 
the  preparation  of  normal  sodium  sulphate,  the  hydrochloric  acid  beiiur 
a  bye-product.  The  furnace  employed  is  termed  a  *q/(  cake  J\trna<». 
It  is  represented  i]i  fig.  65,  and  consists  of  the  following  two  parts  :  A^ 

»'  The  Bpimrntas  ehown  ia  fig.  48  fp.  3501  in  genonUlj-  employed  (or  tUe  prep»r«|faB 
of  Kmall  quantitien  111  liydroihlorip  ncid.  Coramoii  aalt  is  pliiocl  in  tbe  retort ;  thesktl^ 
generally  previouhly  fused,  u  it  otherwise  frollw  and  boiUorw  the  appuraliia.     When  UM 
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pan  B  and  the  roaster  C,  or  enclosed  space  built  up  of  Urge  bricks  a 
and  enveloped  on  &11  sides  by  the  smoke  and  flames  from  the  tire  grate, 
F.  Tlie  ultiiiiat«  decomposition  of  the  salt  by  the  sulphuric  acid  is 
accomplislied  in  the  roaster.  The  hydrochloric  acid  gas  evolved  in  this 
reaction  escapes  through  the  tube  0  as  will  presently  be  described.  But 
the  first  decomposition  of  sodium  chloride  by  sulphuric  acid  does  not 
require  so  high  a  temperature  as  the  ultimate  decomposition,  and  is 
therefore  carried  on  in  the  fi-ont  and  cooler  portion,  B,  whose  bottom 
is  heated  by  gas  flues.  When  the  reaction  in  this  portion  ceases 
und  the  evolution  of  hydrochloric  acid  stops,  then  the  mass,  which 
contains  about  half  of  the  sodium  chloride  yet  undecontposed  and 
the  sulphuric  acid  in  the  form  of  acid  sodium  sulphate,  is  removed 
from  B  and  thrown  into  the  roaster  C,  where  the  action  is  com- 
pleted. Xormal  sodium  sulphate,  which  we  sliall  afterwards  describe, 
remains  in  the  roaster.  Tt  is  employed  both  directly  in  the  manu- 
facture of  glass,  and  in  the  preparation  of  other  sodium  compounds — for- 
instance,  in  the  preparation  of  soda  ash,  as  will  afterwards  be  described. 
For  the  present  we  will  only  turn  our  attention  to  the  hydrochloric 
acid  evolved  in  B  and  G.  In  chemical  works,  where  sulphuric  acid  of 
60°  Baum^  {22  p.  c.  of  water)  is  employed,  117  parts  of  sodium  chloride 
are  taken  to  about  125  parts  of  sulphuric  acid. 

The  hydrochloric  acid  gas  evolved  is  subjected  to  condensation  by 
dissolving  it  in  water.''     If  the  apparatus  in  which  the  decomposition 

uiipamtuH  iM  placeil  in  order  satiilinnc  ocul  mixed  with  water  is  poured  down  the  thistle 
funnel  int»  tlie  retort.  About  one  and  a.  halt  times  the  weight  ol  the  salt  ol  strontc  sal- 
liliuric  iidd  in  UHUally  takes,  uid  it  i«  diluted  with  a  buikII  quantity  of  water  (half)  if  it  be 
desired  to  retard  tlie  action,  an  in  aeioK  strong  sulpburie  acid  the  action  immediately 
betCinx  witli  gjeaX  vigour.  The  miitare.  at  Srat  without  the  aid  of  heat  and  then  at  a 
moderatK  temperature  (in  a  water-bath),  evolveii  hydrochloric  acid.  Commercial  bydro- 
chloiic  acid  coatainH  many  impuritieH ;  it  is  usually  purified  by  distillation,  the  middle 
IHinionH  beinnc  collected.  It  is  imritied  from  arsenic  by  adding  FvCl,,  distilliuK,  and 
casting  nsidit  the  first  tbirdnf  the  distillate.  If  free  hydrochloric  acid  gas  be  required,  it 
is  puHseil  tbroDgli  n  ressel  containing  strong  sulphuric  acid  to  dry  it,  and  it  is  collected 

Phosphoric  anhydride  absorbs  hydrogen  cbloride  (Bailey  and  Fowler,  ISWt; 
UP..O.-.  ^  UHCl  =  FOCI^  +  SHPO^)  at  llie  ordinary  tem|>eratnre,  and  therefore  the  gas  caimot 

be  dried  by  this  substaneu. 

"  As  at  works  which  treat  oonniioii  salt  in  order  to  olila,in  Bodiiim  sulphate,  tlie 
bj-drocbloric  acid  is  sometimes  held  in  no  value,  they  would  reoilily  allow  it  to  escape 
into  smoke  and  into  the  atmosiiliere,  which  would  greatly  injure  tlie  air  o[  the  neighbour- 
hnoil  and  destroy  all  vegetation,  and  tlierefore  in  all  coantries  there  are  laws  forbidding 
the  works  to  proceed  in  this  manner,  and  re<|niring  the  absorption  of  the bydmcbloric  acid 
by  water  at  the  works  tliemselves,  and  not  permitting  the  solution  to  be  run  into  rivent 
and  Htreams,  whose  waters  it  would  spoil.  It  may  be  remarked  that  the  absorption  of 
hydrochloric  acid  presents  no  particular  difHculties  (the  absorption  of  aulphurons  aiid 
is  much  more  difficull),  because  hydrochloric  acid  has  ■  great  alBnitj  for  water  and  gires 
a  hydrate  which  boils  above  100°.  Hence,  even  steam  and  hot  nater,  as  well  at  weater 
BolutiDue,  can  be  used  for  absorbing  the  acid.     However,  Warder  (IStsa)  showed  that  weak 


'142  PRINCIPLES   OF  CHEMISTRY 

is  accomplished  were  hermetically  closed,  and  only  presented  one  outlet^ 
then  the  escape  of  the  hydrochloric  acid  would  only  proceed   through 
the  escape  pipe  intended  for  this  purpose.     But  as  it  is  impossible  to 
construct  a  perfectly  hermetically  closed  furnace,  it  is  necessary   to 
increase  the  draught  by  artificial  means,  or  to  oblige  the  hydrochloric 
acid  gas  to  pass  through  those  arrangements  in  which  it  is  condensed. 
This  is  done  by  connecting  the  ends  of  the  tubes  through  w^hich  the 
hydrochloric  acid  gas  esaipes  from  the  furnace  with  high  chimneys,  where 
the  strong  draught  proceeding  from  the  combustion  of  the  fuel  carries 
off  the  hydrochloric  acid  and  air  which  is  mixed  with  it.     This  causes  a 
current  of  hydrochloric  acid  gas  to  ptiss  through  the  absorbing  apparatus 
in  a  definite  direction.     Here  it  encounters  a  current  of  water  flowing 
in  the   opposite   direction,  by  which  it  is   absorbed.     It  is    not    cus- 
tomary to  cause  the  acid  to  pass  through  tlie  water,  but  only  to  bring 
it  into  contact  with  the  surface  of  the  water.     The  absorption  apparatus 
consists  of  large  earthenware  vessels  having  four  orifices,  two  above  and 
two  lateral  ones  in  the  wide  central  portion  of  each  vessel.     The  upper 
orifices  serve  for  connecting  the  vessels  together,  and  the  hydrochloric 
acid  gas  escaping  from  the  furnace  passes  through  these  tubes.      The 
water  for  absorbing  the  acid  enters  at  the  upper,  and  flows  out  from  the 
lower,  vessel,  and  passes  through  the  lateral  orifices  in  the  vessels.     The 
water  flows  from  the  chimney  towards  the  furnace,  and  it  is  therefore 
evident  that  the  outflowing  water  will  be  the  most  saturated  with  acid, 
of  which  it  actually  contains  about  20  per  cent.     The  absorption  in 
these  vessels  is  not  complete.      The  ultimate  absorption  of  the  hydro- 
chloric acid  is  earned  on  in  the  so-called  coke  farcers.     These  are  high 
chiumeys,  like  that  shown  in  fig.  G6.     They  are  frequently  divided  into 
two  portions,  or  consist  of  two  adjacent  chimneys.     A  lattice  work  of 
bricks,  C,  is  laid  on  the  bottom    of  these   towers,  on  which  coke  is 
pile<l  up  to  the  top  of  the  tower.     Water,  distributing  itself  over  the 
coke,  trickles  down  to  the  bottom  of  the  tower,  and  in  so  doing  absorbs 
the  hydrochloric  acid  gas  rising  upwards. 

It  will   be    readily   understood    that    hydrochloric    acid    may    be 


solutions  of  composition  H.^O  +  ^/HCl  when  boiled  (the  residue  will  be  almost  HCl,8H.^O) 
evolve  (not  water  but)  a  solution  of  the  comi)osition  HjO-i  44r>/j<HCl ;  for  example,  on  dig- 
tilling  HCl,10HoO,  HCl,2aHoO  is  tirst  obtained  in  the  distillate.  As  the  strenjjth  of  the 
residue  becomes  j^eater,  so  also  does  that  of  the  distillate,  and  therefore  in  onler  to  com- 
pletely absorb  hydrochloric  acid  it  is  necessary  in  the  end  to  have  recourse'  to  water. 

As  in  Russia  the  nmnufacture  of  sodium  sulphate  from  s<xlium  chloride  luis  not  yet 
been  sufficiently  developed,  and  as  hydrcK-hloric  acid  is  reijuired  for  many  technical  pur- 
I)OBe8  (for  instance,  for  the  preparation  of  zinc  chloride,  wliich  is  employed  for  soaking 
railway  sleeiwrs),  therefore  the  salt  is  often  treated  mainly  for  the  manufacture  of  hydro- 
chloric acid. 
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iibtajned    from    aU    ntber 
metallic  chlorides.^     It  la 


or  lent)  ilegree  b;  nater.correaponil 
with  freble  bnveH.  Such  Are,  for 
I'tiLiiiple,  MrCLj,  AlCl],  SbClj, 
BICI.v  Tlic  decompoution  of 
inngneHiuin  clilorida  (uid  >ka 
camiiUitg)  by  sulphuru;  arid  pro- 
ciwdfi  al  tli«  orduuiry  tompentura 
and  inay  b«  emploj/eit  u  ■  con- 
veniont  inethnd  far  the  prod  ac- 
tion of  hytlrueht'irie  acid.  Tlio 
vaponr  of  common  ult  in  the  pro- 
ftoni.'e  of  atfiom  uid  BiLic^  (vhTch 
is  cupkble  of  coiubiniiiE  vrilh  ta- 
dium  oxide)  givcft  liydrochloric 
arid  and  midiani  ■ilicaM.  Hydro- 
chloric acid  a  lUu  prodnred  iu 
many  reactions  of  dennnpositioii 
<iF  carbon  compaiindu  coiitaininit 
ohlorinu  and  hydmireii  i  (or  in- 
aUjice.  when  tile  vaponr  of  ethyl 
ckioride  in  ptuiusd  Ibnmgb  a  red- 
hot  tabe,  it  givea  oleSant  gw  and 
hjrdroohloric  acid.  It  Ifl  also  pro- 
duced by  tfb  innitioii  of  cerMin 
uistulliD  chloridsB  in  a  ■tream 
of  hydrogea,  »peciiilly  ol  thoiw 
metals  which  are  eauly  reduced 
and  difflcoltly  oaidiaed — for  in- 
stiuice,  stiver  uhlaride.  Lead 
chloridB,  when  heated  lo  rednBis 

drocliloric  acid  and  lead  oxide- 
In  i^neral  9HCU  -l^  ilHjO  lr»- 
vinently  giveH  M.jO.  +  a.HCl,  an<l 
MCI. +  11.  ■ometimea  H  +  nHCI, 
althoQgh  both  theae  r«acCiotiH 
also  pror«ed  in  thb  opposite  Ai- 
fKction.that  i»,MiO.-f  nBHCI  fre- 
quently forma  9HCI,  *  Ka.fi  and 
sometimes  M  -t-  nHCi  ^  MCI.  + 
U.,   wbere  M   i»  a  metal.     The 

lion  ot  liyilrochlorio  add  are  on- 
deixtuud  Irom  the  fact  that  it  in 
a  anbetaiice  which  is  Eom|UUH- 
tiveiy  very  stable,  reaeuiblitig 
water  in  tliin  reapeot.  and  ureii 
most  probably  more  stable  than 
water,  betvuiw,  at   a  hijih  tem- 


liglit,  chlorijie  decom- 
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frequently  formed  in  other  reactions,  many  of  which  we  shall  meet 
with  in  the  further  course  of  this  work.  It  is,  for  instance,  formed 
by  the  action  of  water  on  sulphur  chloride,  phosphorus  chloride,  anti- 
mony chloride,  ttc. 

Hydrochloric  amd  is  a  colourless  gas  having  a  pungent  suffocating 
odour  and  an  acid  taste.  This  gas  fumes  in  air  and  attracts  moisture, 
because  it  forms  vapour  containing  a  compound  of  hydrochloric  acid  and 
water.  Hydrochloric  acid  is  liquefied  by  cold,  and  under  a  pressure  ol 
40  atmospheres  into  a  colourless  liquid  of  sp.  gr.  0*908  at  0°,'*  boiUng 
point  — 35°  and  absolute  boiling  point  +52.  We  have  already  se&i 
(Chap.  I.)  that  hydrochloric  acid  combines  very  energetically  with  xjccUer^ 
and  in  so  doing  evolves  a  considerable  amount  of  heat.  The  solution 
saturated  in  the  cold  attains  a  density  1*23.  On  heating  such  a  solu- 
tion containing  about  45  parts  of  acid  per  100  pails,  the  hydrochloric 
acid  gas  is  expelled  with  only  a  slight  admixture  of  aqueous  vapour, 
teut  it  is  impossible  to  entirely  separate  the  whole  of  the  hydrochloric 
acid  from  the  water  by  this  means,  as  could  be  done  in  the  case  of  an 
ammoniacal  solution.  The  temperature  required  for  the  evolution  of  the 
gas  rises  and  reaches  110^-1  IP,  and  after  this  remains  constant — that 
is,  a  solution  having  a  constant  boiling  point  is  obtained  (p.  98),  ivhich, 
however,  does  not  (Roscoe  and  Dittmar)  present  a  constant  compK>sition 
under  different  pressures,  because  the  hydrate  is  decomposed  in  distil- 
lation, as  is  seen  from  the  determinations  of  its  vapour  density  (Bineau). 
Judging  from  the  facts  (1)  that  with  decrease  of  the  pressure  under  which 
the  distillation  proceeds  the  solution  of  constant  boiling  point  approaches 
to  a  composition  of  25  p.c.  of  hydrochloric  acid,*^"'*  (2)  that  by  passing  a 
stream  of  dry  air  through  a  solution  of  hydrochloric  acid  there  is  obtained 
in  the  residue  a  solution  which  also  approaches  to  25  p.c.  of  acid,  more 
nearly  as  the  temperature  falls,**^'  (3)  that  many  of  the  properties  of  solu- 
tions of  hydrochloric  acid  vary  distinctly  according  as  they  contain  more 
or  less  than  25  p.c.  of  hydrochloric  acid  (for  instance,  antimonious 
sulphide  gives  hydrogen  sulphide  with  a  stronger  acid,  but  is  not  acted 
on  by  a  weaker  solution,  also  a  stronger  solution  fumes  in  the  air, 
Ac),  and  (4)  that  the  composition  HCljGH^O  corresponds  with  25*26  p.c 

poses  water,  with  the  formation  of  hydrochloric  iioid.  The  combination  of  chlorine  and 
hydrogen  also  proceeds  by  their  direct  action,  as  we  shall  afterwards  describe. 

•'^'  According  to  Ansdell  (ISHO)  the  sp.  gr.  of  liquid  hydrochloric  acid  at  0^  =  0*908,  at 
11-67°  =  0-854,  at  22-7°  =  0-808,  at  83-=0-748.  Hence  it  is  seen  that  the  expansion  of  this 
liquid  is  greater  than  that  of  gases  (Chapter  II.  Note  84). 

•^*  According  to  Roscoe  and  Dittmar  at  a  pressure  of  three  atmospheres  the  solution 
of  constant  boiling  point  contains  18  p.c.  of  hydrogen  chloride,  and  at  a  pressure  of  one- 
tenth  atmosphere  2H  p.c.     Tiie  percentage  is  intermediate  at  medium  pressures. 

5«  At  0°  25  p.c,  at  100^  207  p.c. ;  Roscoe  and  Dittmar. 
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HCl— judging  trom  all  these  data,  and  also  from  the  loss  of  tension 
which  iicours  in  tlie  combination  of  hydrochloric  acid  with  water, 
it  may  he  said  that  they  form  a  definite  hydrate  of  the  composition 
HC1,6H.,0.  The  conclusions  to  be  drawn  from  the  densities  of  solu- 
tions of  hydrochloric  acid  also  point  to  the  same  fact,  as  will  presently 
be  exj)laine<l.  Basides  this  hydrate  there  exists  also  a  crystallo- hydrate 
HC],2H.jO,^'  which  is  formed  by  the  al>sori)tion  of  hydrochloric  acid 
by  a  witurated  solution  at  a  temperature  of  —23°.  It  crystallises  and 
melts  at  —18°.*'' 

"  Tliiti  ciytitiLllo-hydrBte  lolitaiiied  by  Pierre  anil  Puchot.  and  inveKti^ateil  by  Rooie- 
I»-™,1  in  miftlogoUH  to  S»Cl,9HiO.  The  erj-Mttlfl  HCl,aH,0  at  -83=  hsve  a  specific  (tmrity 
1411.  Ike  v«[iour  teiiBion  (di kmw intiun )  cil  Ibe  Bolutinn  having  «  componition  HCl.aHjO 
„t  -ai=  =  7(!0,  lit  -in°-lUlU,at  -IM^- 10.^7,  lit  -n=  =  lliainiH.ot  mercury.  In  imolid 
■^\Me  tlie  erfBtHllo-liydratt!  at  -ITT^  hax  tlie  Hame  («iiHion.  whilst  at  lower  tempsmturea 
it  ifl  iiiHrlile<'i':  at  -IJl'' about  15<1.  at  -IS"  about  SSO  mm.,  at  -173°  about  10  atmo 
siiUcreB  ;  at  -  llf  about  100  aUnoHpheces.    A  iiiiiture  ol  luuiing  hydrochloric  acid  with 

''"  According  to  Ri»uo«  at  0'  a  hiinjlrril  g;iAmaat  water  at  a  pressure  ji  (in  millimetres 


a  i^TesHUTe  of  7n0  millim 


m  lltwo)  ..howed  that  at  /"  HolDtionii  containin 
4  of  water  may  (with  the  variation  of  the  prei 
aio-hydrate  HCl.SH.jO  : 


The  lni<t  compoMtion  anxwere  to  the  melted  cryatalto-hydrate  HCI,2H.,0,  which  sjilit*  up 

I    =    -'.i4'  -iV  -18°  -10°  U 

r.  =     lOl'J  OS-3  D5-7  HB-8  HJ-2 

FroTii  tbrw  itatR  it  ia  tieen  that  the  hydrate  HCI,3H...O  can  n\»\  in  a  liquid  state,  wbieh 
[a  not  the  case  for  the  liydrates  o(  carbonic  and  HUlphurouH  anhydriden.  chlorine,  &r. 

Ai-<'or<linK  to  Maritmac,  tlie  ii|KK.'i)lc  heat  R  of  a  «>lQtion  HCI  +  uiH.jO  <at  about  »0°, 
tukinif  the  apeciAc  lieat  uf  water  - 1|  ia  given  by  the  expreiuiion — 

C(sii;;+min)=lHiH-BB-30+no/'"i--.i(iM/jH' 

laniple.  tor  HCI  +  aSH.O  C  =  0'N77. 
;he  amount  of  heal  Q,  expresHed  in  thouaandH  ol  calories, 
\  m  the  solntioii  ot  mva  ^rams  of  gaHeoaa  hydrochloric  acid  in  mHjO  or  IHoi 
of  water— 

m  ^     i  i  10  SO  400 

Q  =   \\*        U-a         103         17-1  17-8 

theoe  .inantilieu  the  latent  heat  of  liquefac 

y  ipage  B31),  must  be  tahen  aa  5-11  tliouwini 

;  reKaiches  of  Sehellfli  (IHW)  on  the  ral«  of 
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The  mean  (from  the  observations  of  Ure,  Kremers,  Kolbe,  Berthe- 
lot,  Marignac,  and  Kohlrausch)  specific  gravities  at  15°,  taking  water 
at  its  maximum  density  (4°)  as  10000,  for  solutions  containing  p  per 
cent,  of  hydrogen  chloride,  are  given  in  the  following  table  in  the 
columns  under  the  symbol  s.  Their  possible  error  is  not  less  than  rt  2, 
and  is  scarcely  greater  than  :h  10. 


1> 

5 

8 

10242 

S 
10240 

25 

8 

11266 

S 
11263 

10 

10490 

10492 

30 

11522 

11522 

15 

10744 

10746 

35 

11773 

11770 

20 

11001 

11003 

40 

11997 

12005 

Under  the  letter  S  in  the  third  column  is  given  the  specific  gravity 
calculated  according  to  the  formula  /S'=  9991-6 -f  49-43;?  + 0*057 Ijo*, 
until /?=  25-26,  which  answers  to  the  hydrate  HC1,6H20  mentioned 
above.  Above  this  percentage  *S^=  9785*1  +  65*10/?  —  0*240/?^.  A  com- 
parison of  the  results  obtained  by  experiment  and  calculation  {a  with 
S)  shows  that  the  curve  is  in  perfect  harmony  with  the  mean  result 
of  observation.  The  necessity  of  two  curves  is  already  indicated  by 
the  fact  that  the  rise  of  specific  gravity  with  an  increase  of  percentage 

[or  the  differential  -^J   reaches  a  maximum  at  about  25  p.c.^^     Thus 

between  0  and  10  p.c.  the  mean  difference  of  «,  corresponding  with 
1  p.c.  =  49*8,  between  20  and  30  p.c.  =  52*1,  and  between  30  and 
40  p.c.  =47*5,  judging  from  the  results  of  experiment.  The  inter- 
mediate solution,  HC1,6H20,  is  further  distinguished  by  the  fact  that 
the  variation  of  the  specific  gravity  with  the  variation  of  temperature  is 
a  constant  quantity,  so  that  the  specific  giuvity  of  this  solution  is  equal 
to  11352*7  (1-0*0004470,  where  0*000447  is  the  modulus  of  expan- 
sion of  the  solution.^®     In  the  case  of  more  dilute  solutions,  as  with 

hydrochloric  acid  Bhow  that  the  coefficient  of  diffubion  k  decreases  with  the  amount  of 
water  »,  if  the  composition  of  the  solution  is  HCl»H.^O  at  0°: — 

n  =     5  6-9  9-8  14  271  129-5 

k  =     2-81         208  1-80  107  1'52  139 

It  also  appears  that  strong  solutions  diffuse  more  rapidly  into  dilute  solutionn  than 
into  water. 

'^  If  it  be  admitted  that  the  maximum  of  the  differential  corresponds  with  HC1,6H.20, 
then  it  might  be  thought  that  the  specific  gravity  is  expressed  by  a  parabola  of  the  third 
order  ;  but  such  an  admission  does  not  give  expressions  in  accordance  with  reality,  either 
in  this  or  especially  in  those  cases  (solutions  of  alcohol  and  sulphuric  acid)  where  the 
data  for  the  specific  gravities  are  established  with  great  accuracy,  as  is  more  fully  con- 
sidered in  my  work  mentioned  on  page  65. 

40  As  in  water,  the  modulus  of  expansion  (or  the  quantity  k  in  the  expreaaion 
S«=  So—  k^ot,  or  Vi=  l/{l  —  ki),  and  if  the  variation  of  the  specific  gravity  be  non- 
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water,  the  speciBc  gravity  at  P    (or  the  differential     *  J    riaen  with  a. 

rise  of  temperature,  for  the  difference  between  jSq  — S,s  and  :S|a— A'jo 
{i.e.  the  difference  between  the  specific  gravities  at  0°,  15°,  and  30°) 
varies  as  follows :" 


■5]  s- 5,0  =  33-9         42         50         69         67 

Whilst  for  solutions  which  contain  a  greater  proportion  of  hydrogen 
chloride  than  HCl,6HaO,  these  coefKcients  decrease  with  a  rise  of 
temperature  ;  for  instance,  for  30p.c.  of  hydrogen  chloride  ■¥a~:S^,,^88 
and  ^m  —  •S'gi,^  87  (according  to  Marignac's  data).  In  the  case  of 
HC^SHjO  these  differences  are  constant,  and  equal  76. 

Thus  the  formation  of  two  definite  hydrates,  I{C1,2H.,0  and 
HCl,6HjO,  between  hydrochloric  acid  and  water  may  be  accepted 
upon  the  basis  of  many  facts.  But  both  of  them,  inasmuch  as  they 
occur  in  a  liquid  state,  dissociate  with  great  facility  into  hydrogen 
chloride  and  water,  and  are  completely  decomposed  when  distilled. 

All  solutions  of  hydrochloric  acid  present  the  properties  of  an 
energetic  acid.  They  not  only  transform  blue  vegetable  colouring 
matter  into  red,  and  disengage  carlx>nic  acid  gaa  from  carbonates,  &,c., 
but  they  also  entirely  saturate  bases,  even  such  energetic  ones  as  pot- 
uniform,  then  the  modalniiol  eip«iiiiion  mDBt  be  t&keii  ilb  -rfi/iIfSi.)iittui»&niBgiu(ade 
0-O0O44T  nt  about  48°,  it  might  b«  thonght  that  >t  ifS'  kU  Bolatiaue  of  hydrochloric  uid 
would  have  the  same  modoluB  ot  expansion,  but  in  reality  this  ia  not  the  case.  At  low 
and  the  ordinary  temperatureB  the  moduluH  of  eipansion  of  aqueoUH  Bolationa  ia  greater 
tluiu  that  ot  water,  nnd  the  greater  it  is  the  greater  the  amount  ol  the  anbatancediuolTed 
{for  thin  resBon  the  temperature  ot  maximam  denaity,  when  the  modalan  ^  U,  is  lowered 
by  Bolution).  But  for  water  the  modnlue  ot  eipanaion  {-di/diSo)  rises  rapidly  with  the 
temperature,  whilht  for  luilutiona  the  increase  in  much  slower  (or  even  falls,  as  (or 
Hulphuric  arid  or  fuming  hydrochloric  acid),  and  therefore  at  a  certain  temperature  (  the 
nioclulus  of  solutions  beeonies  equal  to  that  of  water.  This  teiuperatare  may  be  termed 
the  '  charafleriatic  temperature.'  For  solations  of  sodium  chloride  it  is  about  58°,  for 
lithium  chloride  30=,  tor  potasiium  nitrate  about  SO",  for  weak  solutions  of  sulphuric 
ai'id  about  IM^.  In  onler  to  illuiitnile  this  by  an  example  I  will  iiirwrt  the  magni- 
tudes of  deuomiuatioti  of  eiiunsion  (mnltiplied  by  inOUO)  of  soiutionn  of  sodium 
chloride  :— 


<i  Tlie  figures  cited  above  may  aen'e  tor  llie  direct  determination  of  the  variation  of 
the  specific  t(TBvity  of  solutions  of  hydrochloric  acid  with  the  temperature,  because  we 
may  take  A',  =  S„  -  (  [A^Bi).  Thus,  knowing  that  at  16°  the  jpeciflc  gravity  of  a 
10  p.c.  solution  of  lij-drochloric  acid  =  lOJM,  we  find  that  at  I'  it  -  1068O-r(a-lS+«»7(). 
Whence  nlno  may  be  found  the  modulus  of  expansion  (Note  It). 
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ash,  limo,  itc.    In  a  dry  state,  however,  hydi-ochlorie  acid  does  not  alter 
ve<^e table  dyes,  and  dcH\s  not  accomplish  many  double  decompositions 
which  easily  take  phice  in  the  presence  of  water.     This  is  explained  bj 
the  fact  that  tho  ^rasoehistic  state  of  the  hydrochloric  acid  prevents  its 
entering  into  rccaction.     However,  incandescent  iron,  zinc,  sodium,  &c^ 
act  on  gaseous  hydrochloric  acid,  displacing  the  hydrogen  and  leaving 
half  a  volume  of  hydrogen  against  one  volume  of  hydrochloric  acid  gas; 
this  reaction  may  serve  for  determining  the  composition  of  hydrochloric 
acid.     Coml)ined  with  water  the  hydrochloric  acid  gas  is  deprived  of  its 
elasticity,  and  loses  a  considenil)le  amount  of  heat  in  its  passage  into 
a  liijuid  and  combined  state.      It   then  acts  as  an  acid  which   much 
resembles  nitric  acid  ^'  in  its  energy  and  in  many  of  its  reactions  ;  how- 
ever, the  latter  contains  oxygen,  which  is  disengaged  with  great  ease, 
and  so  v(»ry  frecjuently  acts  as  an  oxidiser,  which  hydrochloric  is  not 
capable  of  doing.     The  nuijority  of  metals  (even  those  which  do   not 
displace  the  H  fi-om  H.,804  but  which,  like  copper,  decompose  it  to  the 
limit  of  SO.^)  displace  the  hydrogen  from  hydrochloric    acid.       Thus 
hydrogen  is  disengaged  by  the  action  of  zinc,  and  even  of  copper  and 
tin.     Only  a  few  metals  withstand  its  action  ;  for  example,  gold  and 
platinum.    Lead  is  only  acted  on  feebly  in  compact  masses,  because  the 
lead  chloiide  fonned  is  insoluble  and  prevents  the  further  action  of  the 
acid  on  the  metal.     The  s;nne  is  to  V)e  remarked  with  respect  Ui  the 
feeble  action  of  hydrochloric  acid  on  meicury  and  silver,  because  the 
compounds  of  these  metals,  AgCl  and  HgCl,  are  insoluble  in  water. 
Metallic  chlorides  are  not  only  forme<l  by  the  action  of  hydrocldoric 
acid  on  the  metals,  but  also  by  many  other  methods  ;  for  instance,  by 
the  action  of  hydrochloric  acid  on  th(^  carbonates,  oxides,  and  hydrox- 
ides, and  also  by  the  action  of  clil(»rine  on  metals  and  certain  of  their 
"Com pounds.     Metallic  chlorides  have  a  composition  MCI ;  for  example, 
NaCl,  KCl,  AgCl,  HgCl,  if  the  mebil  replaces  hydrogen  equivalent  for 
-eciuivalent,  or,  as  it  is  said,  if  it  be  monatomic  or  univalent.     In  the  case 
of  bivalent  metals,  they  have  a  composition  MCl^  ;  for  example,  CaCljj, 
CuCl.^,  PbCl,,,  HgCl.^,  FeCl.^,  MnCl.,.      The  composition  of  the  haloid 
salts  of  other  metals  presents  a  further  variation  ;  f<»r  example,  AICI3, 
Fe.^Clr,,  PtCl,,  tkc.      Many  metals,  as  will  have  been  remarked  in  the 
preceding  examples,  give  .several  degrees  of  (-ombinjition  with  chlorine, 
as  with  hydrogen.     In  their  composition  the  metallic  chlorides  differ 

*^  TliuH,  for  iiiKtiince,  with  feeble  buses  they  evolve  in  dilute  Kolutions  (Chapter  III. 

Note  iiii)  iilmost  equal  lunountw  of  heat ;  their  relati«)n  t<>  Kulphuric  acid  is  quite  identical. 

They  both  form  fuming  solutionw  an  well  as  hydrates  ;  they  both  form  Kolutiong  of  con- 

Htant  boiling  (Kiint ;  in  the  solutions  of  both  (with  HCl,(JHo()  and  with  XH03,5H.^O)  the 

•direction  of  the  differential  da/dp  varies,  Arc. 
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fruni  the  corresponding  oxideK  in  that  the  O  is  replaced  by  CI,,  as 
should  follow  from  the  law  of  substitutioDj  because  oxygen  gives  OH} 
and  is  consequently  bivalent,  whilst  chlorine  fornts  HCl,  and  is  there- 
fore univalent.  So,  for  instance,  ferrous  oxide,  PeO,  corresponds  with 
fernius  chloride,  FeCI-j,  and  the  oxide  FcjO^  with  ferric  chloride,  which 
is  also  seen  from  the  origin  of  these  compounds,  because  FeCl;  is  ob- 
tained by  the  action  of  hydrochloric  acid  on  ferrous  oxide  or  carbonate 
and  FeClj  by  its  action  on  ferric  oxide.  The  action  of  hydrochloric 
iLcid,  like  that  of  every  acid,  on  basic  oxides,  &10,  and  in  general  on 
JI„0,„  consists  in  a  double  decomposition,  wat«r,  mH^O,  and  a  metallic 
chloride,  M„Ct,„,  being  formed.  Hydrochloric  acid,  HCl,  acts  in  the 
sanie  manner  on  the  hydroxides  of  the  bases  M„{OH)i„  -^  2wHCl 
=  2niHjO  -I-  M„Cla„,  and  on  carbonates,  for  instance,  NajCO,  +  2HC1 
=  2NaCl  +  HjO  +  COj.  In  a  word,  all  the  typical  properties  of 
acids  are  .shown  by  hydrochloric  acid,  and  all  the  typical  properties 
of  salts  in  the  metallic  chlorides  derived  from  it.  Acids  and  salts 
composed  like  HCl  and  M„Clj„  without  any  oxygen  bear  the  name  of 
haloi'l  salts  ;  for  insUnce,  HCl  is  a  haloid  acid,  NaCl  a  haloid  salt, 
chlorine  a  ha,logen.  Certain  higher  degrees  of  combination  of  chlorine 
with  the  metals  disengage  chlorine  when  heated  t^>  i-edness  ;  for  in- 
stance, the  salt  CuCl.^  is  converted  into  CuCl.  The  capacity  of  hydro- 
chloric acid  to  give,  by  its  action  on  bases,  MO,  a  metallic  chloride, 
MOlj,  and  water,  is  limited  at  high  temperatures  by  the  reverse  re- 
action MCIj  +  H-^O  =  MO  +  2HC1,  and  the  more  pronounced  are 
the  basic  properties  of  MO  the  feebler  is  the  reverse  reaction,  while 
for  feebler  liases  such  as  AljOj,  MgO,  A'c,  this  reverse  reaction  pro- 
ceeds with  ease.  In  this  manner  Deville  obtained  crystals  of  the 
amorphous  oxides  Fe^O.,,  SnO^,  ic,  by  passing  a  slow  current  of 
hydrogen  chloride  over  theni  at  a  red  heat ;  FejClg  and  SnCI,  were 
monientarily  formed,  but  were  again  decomposed  by  the  water  liberated 
and  the  liberated  (>xi<les  were  separated  as  crystals.  Metallic  chlorides 
coiTesponding  with  the  peroxides  either  do  not  exist,  or  are  easily  decom- 
posed with  the  ilisengagenient  of  chlorine.  Thus  there  is  no  compound 
HaCl,  corresponding  with  the  oxide  Ba(J3.  Metallic  chlorides  having 
the  general  aspect  of  salts,  like  their  representative  sodium  chloride, 
are,  as  a  rule,  easily  fusible,  more  so  than  the  oxides  (for  instance,  CaO 
is  infusible  whilst  CaCl^  is  easily  fused),  and  many  other  salts.  Under 
the  action  of  heat  many  are  more  stable  than  the  oxides,  many  are  even 
converted  into  vapour  ;  thus  corrosive  sublimate,  HgCI^,  is  particularly 
volatile,  whilst  the  oxide  HgO  decomposes  at  a  led  heat.  Silver  chloride, 
AgCl,  is  fusible  ami  is  decomposed  with  dithculty,  whilst  Ag^O  is  easily 
decomposed.      The  majority  of  the  metallic  chlorides  are  soluble  in 
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water,  but  silver  chloride,  cuprous  chloride,  mercurous  chloride.  ^nA 
lead  chloride  are  sparingly  soluble  in  water,  and  are  therefore  easUr 
obtained  as  precipitates  when  a  solution  of  the  salts  of  these  metals  is 
mixed  with  a  solution  of  any  chloride  or  even  with  hydrochloric  acid. 
The  metal  contained  in  a  haloid  salt  may  often  be  replaced  by  aiioth« 
metal,  or  even  by  hydrogen,  just  as  is  the  case  with  a  metal  in  an 
oxide.     Thus  copper  displaces  mercury  from  a  solution  of   mercnric 
chloride,  HgCl^  -h  Cu  =  CuCl^  -|-  Hg  ;  thus  hydrogen  at  a  red  heat  dis- 
places silver  from  silver  chloride,  2AgCl  -f  H.^  =  Ag^  -h  2HCL      These, 
and  a  whole  series  of  similar  reactions,  form  the  typical  methods  of 
doable  saline  decompositions.     The  measure  of  decomposition  and  the 
conditions  under  which  one  or  the  other  side  of  reactions  of  doabl 
saline  decompositions  proceeds  (for  instance,  whether  a  metal  and  a 
add  give  hydrogen  and  a  salt  or  the  reverse)  are  determined  by  the 
properties  of  the  compounds  which  are  in  action,  and  which  are  able 
to  be  formed  at  the  temperature,  Jcc,  as  was  shown  when  speakinir  of 
sodium  chloride,  and  as  will  be  frequently  found  hereafter. 

If  hydrochloric  acid  enters  into  double  decomposition  with  basic 
oxides  and  their  hydrates,  this  is  only  due  to  its  acid  properties  •  and 
for  tJie  same  reason  it  rarely  enters  into  double  decomposition  with 
acids  and  acid  anhydrides.  Sometimes,  however,  it  combines  with  the 
latter,  as,  for  instance,  with  the  anhydride  of  sulphuric  acid,  forming 
the  compound  SOjHCl  :  and  in  other  cases  it  acts  on  acids,  givinjr  ud 
its  hydrogen  to  their  oxygen  and  forming  chlorine,  as  will  be  seen  in 
the  following  chapter. 

Hydrochloric  acid,  as  may  already  be  conclude<l  from    the  comno- 
sition  of  its  molecule,  belongs  to  the  monobasic  acids,  and  does  not. 
therefore,  give  true  acid  salts  (like  HXa80^  or  HXaCOg)  ;  nevertheless 
many  metallic  chlorides,  formed  from  powerful  bases,  are  capable  of 
combining  frith  hydrocJdoric  acUi,  just  as  they  combine  with  water 
or  with  ammonia,  and  as  they  give  double  salts.     Compounds  have  lonir 
been  known  of  hydrochloric  acid  with   auric,  platinic,  and   antimo- 
nious  chlorides,  and  other  similar  metallic   chlorides   correspondinir 
with  very  feeble  bases.     But  Berthelot,  Engel,  and  others  have  shown 
that  the  capacity  of  HCl  for  combining  with  M„C1„  is  much  more 
frequently  encountered  than  was  before  supposed.     Thus,  for  instance 
dry  hydrochloric  acid  when  passe<l  into  a  solution  of  zinc  chloride 
(containing  an  excess  of  the  salt)  gives  in  the  cold  (0°)  a  compound 
HCl,ZnCli,2HaO,  and  at  the  ordinary  temperature  HCl,2ZnCl2,2H  O 
just  as  it  is  able  at  low  temperatures  to  form  the  crystallo-hydrate 
ZnCl2>3I^2^  (Kngel,   1886).      Similar  compounds  are  obtained   with 
CdQa,  CuCla,  HgCl^,  Fe.^Clo,  *kc.  (Beillielot,  Ditt€,  Cheltzoff,  Lachinofl^ 
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an<l  irthei-s).  These  compounds  with  hydrochloric  acid  are  generally 
more  soluble  in  water  than  the  metallic  chlorides  tbeiuselves,  go  that 
whilst  hydrochloric  acid  decreases  the  solubility  of  MC1„,  correspond- 
ing with  energetic  bases  (for  instance,  sodium  or  iiarium  chlorides),  it 
increases  the  solubility  of  the  metallic  chlorides  corresponding  with 
feeble  bases  (cadmium  chloride,  ferric  chloride,  &q.}.  Silver  chloride, 
which  is  insoluble  in  water,  is  soluble  in  hydrochloric  acid.  Hydro- 
chloric acid  also  combines  with  certain  unsaturated  hydrocarbons  (for 
instance  with  turpentine,  CijHu^HCi)  and  their  derivatives.  Sal- 
tmiiwniac,  or  ammonia  hydrochloride,  NHjCl  =  NH„HC1,  also  belongs 
to  this  class  of  compounds.^^  If  dry  hydrogen  chloride  l>e  mixed 
with  dry  ammonia,  a  solid  compound  fornied  from  equal  volumes  of 
each  is  immediately  formed.  The  same  compound  is  formed  on  mixing 
solutions  of  the  two  gases.  It  is  also  produced  by  the  action  of 
hydrochloric  acid  on  ammonium  carlwnate.  Sal-ammoniac  is  usually 
prepared  by  the  last  method  in  practice.*'  The  specitic  gravity  of  sal- 
iimmoniac  is  1-55,     We  have  already  seen  (p.   253)  that  sal-ammoniac, 

<"'  Wlien  HI)  unuitaratsd  hydrocarbon,  or,  in  generHl,  an  aDflaturatod  compound, 
iiUHiniiluteB  to  ititell  the  molecnleH  Clj,  HCI,  SO;,  HjSOj,  iVc,  the  cause  of  the  reaction 
is  nioHt  Himple.  Ai  niUogen,  beside*  the  type  NX;  to  whicli  NHj  belongH,  CormB  com- 
IHiundii  ot  tlie  form  NXj— for  eiample,  NOj(OH)— therefore  the  formation  of  tlie  Bslte  ol 
.immoniuin  should  be  understood  in  this  senw.  NH,  Kivea  NHiCI  becaaw  NX,  a 
oipalile  of  giving  NXj.  But  us  saturated  compounds— lor  instance,  HCI,  H,0,  NaCI, 
.^-c. — are  alno  capable  of  combination  even  betveen  themselves,  therefore  it  is  iiDpoeaihla 
to  df  ny  the  capacity  of  HCI  also  lor  combination.  SO,^  combines  with  H.,0,  and  also  with 
HCI  and  the  unsaturated  hydrocarbons.  It  is  impoosible  to  see  the  limit  here,  which  it 
was  lately  wished  to  eHtablish,  by  distinguishing  atomic  from  molecular  compnands,  and 
reganiing,  lor  instance.  PClj  as  an  atomic  compound  and  PClj  as  a  molecular  one,  only 
liecaUHc  it  easily  splits  up  into  molecules  PCI3  and  Cl.j. 

'*  Sal-ammoniac  is  prepared  from  ammonium  carbonate,  obtained  in  the  dry  distilla- 
tion of  iiitrogemma  Hubstatices  (Chapter  VI.),  by  saturating  the  resultant  solution  with 
hydroi'bloric  acid.  A  solution  of  sal-ammoniac  is  llias  produced,  it  is  cva|>orat«d,  and 
in  the  residue  a  maiu  is  obtained  containing  a  mixture  ol  various  other,  i^speciatly  tuny, 
priducts  of  dry  distillation.  Tlie  sal-ammoniac  in  generally  purified  by  .sublimation. 
For  this  [mrpuae  iron  vessula  covered  with  semispherical  metallic  covers  are  employed, 
<ir  ••Ise  simply  cLiy  crucibles  covered  by  other  crucibles.  The  upper  iiortion,  or  helmet, 
•if  the  upiiaratna  of  this  hind  will  have  a  lower  tuiu|ieratDre  tlian  Uie  lower  iHirlioii.nrliich 
is  uiidiT  the  direct  ai-tion  of  tliu  flame.  The  sal-ammoniac  volatilises  when  heated,  and 
stttlcB  on  tile  cooler  portimt  of  the  apiiaratus.  It  is  thus  purified  from  iiiaiiy  impurities, 
unil  it  iibtaincd  as  a  crjKtalliiie  crii-t,  generally  several  eenliinetres  thick,  in  wliich  lonn 
it  is  t:i-iierally  sold. 

In  order  to  demonstrate  the  very  instructive  formation  of  solid  sal-ammoniac  from 
the  gaseii  NHj  +  HCI  we  may  proceed  as  follows :  A  thin  glass  tube  is  filled  with  ammonia 
and  closed  with  u  cork,  and  placed  in  a  thick  glass  cylinder  into  which  a  rapid  stream  ot 
hydrogen  cliloride  is  introdoced  and  is  then  closed  with  a  cork ;  the  inside  tube  i>  then 
lirokeu  by  violently  shaking  the  api>aratus.  The  ammonium  chloride  is  obtained  in  white 
flakes.  A  glaas  rod,  ur  |iaper  moistened  with  hydrochloric  acid,  also  gives  a  distinct 
cloud  of  sal-ammoniac  when  held  over  the  mouth  of  a  bottle  containing  a  strong  solatimk 
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like  all  other  ammonium  salts,  easily  decomposes  ;  for  instance,  by 
volatilisation  with  alkalis,  and  even  partially  when  its  solution  is 
boiled.  But  at  higher  temperatures  ammonia  decomposes  with  the 
liberation  of  hydrogen,  and  therefore  ammonia  is  then  able  to  act 
as  a  reducing  agent — as,  for  example,  on  metallic  oxides.  The  other 
properties  and  reactions  of  sal-ammoniac,  especially  in  solution,  fully 
bring  to  mind  what  has  been  already  mentioned  in  speaking  of  sodium 
chloride.  Thus,  for  instance,  with  silver  nitrate  it  gives  a  precipitate 
of  silver  chloride  ;  with  sulphuric  acid  it  gives  hydrochloric  acid  and 
ammonium  sulphate,  and  it  forms  double  salts  with  certain  metallic 
chlorides  and  other  salts.'*'* 

**  The  solubility  of  Bal-tuumoniac  in  100  parts  of  water  (according  to  Alluard)  is — 

0°  10^  20°         30°  40°  60^  80°  100°  110^ 

28-40      82-48       87*28       41-72  46  55  64  78  77 

A  saturated  solution  boils  at  115-8°.  The  specific  gravity  at  15°  4°  of  solutions  of  sal- 
ammoniac  (water  4°  =  10000)  =99910  + 81-26/? -0085/;^,  where  j?  is  the  amount  by  weight 
of  ammonium  chloride  in  100  parts  of  solution.  With  the  majority  of  salts  the  differen- 
tial ds/dp  increases,  but  here,  it  decreases  with  the  increase  of  p.  For  (unlike  the 
sodium  and  potassium  salts)  a  solution  of  the  alkali  plus  a  solution  of  acid  occupy  a 
greater  volume  than  that  of  the  resultant  ammonium  salt.  In  the  solution  of  solid 
ammonium  chloride  a  contraction,  and  not  expansion,  generally  takes  place.  It  may 
further  be  remarked  that  solutions  of  sal-animoniac  liave  an  acid  reaction  even  when 
prepared  from  the  salt  remaining  after  prolonged  washing  of  the  sublimed  salt  with 
water  (A.  StcherbakofE). 


CHAPTER  XI 

THE   HALOGENB  r   CHLORISE,   BROUtNE,   IODINE,   AND  FLDORINK 

ALTiiouGri  hydrochloric  acid,  lite  water,  is  one  of  the  most  stable 
substances,  it  is  nevertheless  decomposed  not  only  by  the  action  of  a 
galvaniccurrent'  but  also  by  a  rise  of  temperature.  Sainte- Claire  Deville 
showed  that  decomposition  already  occurs  at  1300°,  because  a  cold  tube 
^p.  388)  covered  with  an  amalgam  of  silver  absorbs  chlorine  in  a  red- 
hot  tube,  and  the  escaping  gas  contains  hydrogen.  Meyer  and  Langer 
(1885)  observed  the  decomposition  of  hydrochloric  acid  at  1690°  in  a 
platinum  vessel ;  the  decomposition  in  this  instance  was  proved  not 
only  from  the  fact  that  hydrogen  permeated  through  the  platinum 
<p.  141),  owing  to  which  the  volume  was  diminished,  but  also  from 
chlorine  being  obtained  in  the  residue  (the  hydrogen  chloride  was 
mixed  with  nitrogen),  which  liberated  iodine  from  potassium  iodide.* 
The  usual  method  for  the  preparation  of  chlorine  consists  in  the 
abstraction  of  the  hydrogen  by  oxidising  agencies. 

The  acid  properties  of  hydrochloric  acid  were  known  when 
Lavoisier  pointed  out  the  formation  of  acids  by  the  combination  of 
water  with  the  oxides  of  the  non-metals,  and  therefore  there  was  reason 
for  thinking  that  hydrochloric  acid  was  formed  by  the  combination  of 
water  with  the  oxide  of  some  element.  Therefore  when  Scheele 
4>btained  chlorine  by  the  action  of  hydrochloric  acid  on  manganese 
peroxide  he  considered  it  as  the  acid  contained  in  common  salt.  When 
it  became  known  that  chlorine  gives  hydrochloric  acid  with  hydrogen, 
Lavuisier  and  Berthollet  supposes!  it  to  be  a  compound  with  oxygen  of 
an  anhydride  containe<l  in  hydrochloric  acid.  They  supposed  that 
hyilrochloric  acid  contained  water  and  the  oxide  of  a  particular  radicle 

I  Tlie  ilnranipoBJClonof  fused  Hudium  chloride  by  mi  electric  current  luB  been  propoaed 
in  Atnericn  mid  Russia  (N.  N.  Bcketoff)  M  ft  meBnH  tor  the  preporatiou  of  chlorine  &nd 
Hodium.  A  strong  nolution  of  hydrochloric  ftcid  is  decompoHed  into  equal  Tolumes  of 
chlorine  and  hydrogen  bj  tlie  action  o/  nn  electric  current. 

'  Toi'btain  Kobigh  A  temperature  (at  which  the  beHtkindnot  porcelain  loflen)  linger 
and  SI  eyrr  employed  the  dense  i^apliitoidalcubon  from  gas  retorts,  and  a«tron|[dianglit. 
Thej  delermined  the  temperature  by  the  alteration  of  the  volume  ot  nitrogen  in  the 
platinnm  vessel,  for  it  does  not  permeate  Uuoatih  platinum,  and  is  not  altered  hj  hvat. 
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ttiid  that  c'hloriiie  wna  a  higher  degree  of  oxidfttion  of  this  rsdiete 
iiiunof  (from  the  Ijitin  name  of  hydrochloric  acid,  aciduni  muriati- 
iitm).  It  WHS  only  in  ISll  that  Uay-Lussac  »iid  Thenard  in  France 
and  Da^'y  in  Englimd  arrival  at  the  conclusion  that  the  Bubstance 
obtained  by  Scheeie  does  not  contain  oxygen,  nor  under  any  conditions 
give  water  with  hydrogen,  and  that  tliere  is  no  water  in  hydrochloric 
acid  gas,  and  therefore  concluded  that  chlorine  is  an  elementary 
substance.  They  named  it  'chlorine' from  the  Greek  woixl  nXuipo^, 
signifying  a  green  colour,  because  of  the  peculiar  colour  by  which  this 
gaa  is  characterised. 

An  aqueous  solution  of  hydrochloric  acid  is  generally  employed  for 
the  evolution  of  chlorine.  The  hydii)gen  has  to  be  abstracted  from  the 
hydrochloric  acid.  This  is  accomplished  by  nearly  all  osidiaing 
aubfitances,  and  especially  by  those  which  are  able  to  evolve  oxygen  at 
a  red  heat  (besides  bases,  such  as  mercury  and  silver  oxides,  which  are 
able  to  give  salts  with  hydrogen  chloride);  for  example,  manganese 
peroxide,  potassium  chlorate,  chromic  acid,  Ac.  The  decomposition 
essentially  consists  in  the  oxygen  of  the  oxidising  suljstance  displacing 
the  chlorine  from  2HC1,  forming  water,  H.^O,  or  taking  up  the  hydrogen 
and  setting  the  chlorine  free,  as  is  sometimes  said,  2HCI  +  0  (disengaged 
by  the  oxidising  aubstance8)=HjO  +  Cl,.  Even  nitric  acid  partially 
produces  a  like  reaction,  but  as  we  shall  afterwards  see  its  action  is 
more  complicated,  and  it  is  therefore  not  soilable  for  the  preparation  of 
pure  chlorine.  But  other  oxidising  substances  which  do  not  give  any 
other  volatile  products  with  hydrochloric  acid  may  be  employed  for 
the  preparation  of  chlorine.  Among  these  may  be  mentioned  : 
potassiuni  chlorate,  acid  potassium  chromate,  sodium  manganate, 
manganese  peroxide,  &c.  Manganese  peroxide  is  commonly  employed 
in  the  laboratorj-,  and  on  a  large  scale,  for  the  preparation  of  clilorine. 
The  chemical  process  which  proceeds  in  this  case  may  be  represented 
as  follows  :  an  exchange  takes  place  between  4HC1  and  MnOj,  in 
whicli  the  manganese  takes  the  place  of  the  four  atoms  of  hydrogen,  or 
the  chlorine  and  oxygen  exchange  places- -that  is,  MnCl^  and  2H.jO  are 
produced.  The  chlorine  compound,  MnClj,  obtained  is  very  unstable  ; 
it  splits  up  into  chlorine,  which  as  a  gas  passes  froni  the  sphere  of 
action,  and  a  lower  compound  containing  less  chlorine  than  the 
substance  tirst  formed,  and  which  remains  in  the  apparatus  in  which 
the  mixture  is  heated,  MnCl,=MnClj+CI).^      Tiie  action  of  hydro- 
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oliloric  add  retguireB  a  temperature  of  itbuut  100°.  In  the  Iftboratory 
the  prvparaCioH  of  cliloriiie  is  carried  on  in  flasks,  lie«te<i  over  a  water 
bath,  by  Acting  on  niAngunese  peroxide  with  hydroc^hloric  acid  or  a 

QUUKuieBU  peroxide,  MnOj,  Imnkitup  iiito  inuiganouH  oxick,  MuO.iuidDXfgen,  both  of 
whith  reutt  with  bydcgchloric  M;id,tlie  ra»npuiouMoi:id«iiptinji;»tiab«io,  MnO  t  aHOl-^ 
MnCl,  +  HjO.  and  at  the  ume  time  SHCl  -  O  =  H.^O  +  C\-..  tn  reality  a  minture  of 
aij^fia  lUid  hjdrucliloriD  acid  dOBs  fpYe  cUoriaH  aX  ii  red  heat,  uid  thin  uuiy  aiao  take 
pl&ce  at  the  moiaeiit  of  iU  BTolutiuu  in  thin  vane. 

All  llie  [>rid«B  of  niangaiieN)  (Hd,0:„  HdO^,  UqOj,  Hii,0:).iTith  the  exception  of  nun- 
(nuioaaiiTide,  HnO, disengage  chlorine fiimiliydi'ochloricHdd.be«auBemui);anoaiii'hloHde, 
HnClj,  i>  Uuxnilr  compoond  of  rJilorine  and  maiiBauese  whieh  exiatii  a«  a  itable  compound, 
all  tlw  higher  chloridei  of  mangiiDeae  being  unitabk  and  evolving  ehlarine.  The  reaction 
between  hydmchloric  acid  and  sal  ta  containing  muchoiygen  in  explained  accordii^g  to  the 
law  of  flub^tita^on  hj  the  dodble  decompoBitJon  and  inntability  ot  tlie  higher  diloridea ; 
thna,  for  euniple,  by  taking  poltwoiam  dicliromate,  KrjCr^O;,  a  coinpoand,  SiCr.iClii, 
might  be  formed,  but  it  is  unknown,  and  if  it  is  farmed  11  in  all  probability  immediately 
decoiDpOfieii  into  chlorine,  SCI.  potatwiuin  chloride,  SKCI,  and  chromium  chloride.  Cr,Cli. 
Hence  we  here  encounter  two  circnmatancea :  (1)  a  anbatitution  between  oxygen  and  chlo- 
rine, and  |3]  the  instability  of  those  higher  chlorine  compounds.  Both  these  circum. 
stances  have  a  very  important  signification  (or  the  comprehension  of  the  relation  ol 
SDch  elements  as  chhiriue  and  oxygen.  An  (according  to  tile  law  ol  Huhstitution)  in  the 
sabstitution  of  oxygen  by  chlorine,  CL,  takes  the  placv  of  O,  therefore  the  chlorine  com. 
pounds  will  conhun  in  themaelvea  mnre  atoms  tluui  the  correBpouding  oxygen  compoonds. 
It  is  not  snrpriBing,  therefore,  that  uertain  uf  the  chlorine  compounds  currvKpondingwitli 
oxygen  compounds  dn  not  exist,  or  if  they  are  formed  are  let; 

more,  an  alom  of  chlorine  ia  heariec  than  an  atom  of  oxygen,  and  therefore  a  gireu 
element  would  liave  to  retain  a  large  maas  of  chlorine  it  in  the  higher  oxides  the  oxygen 
were  replaced  by  chlorine.  Fur  tills  reaiion  equiralent  componnds  of  chhirine  do  not 
exist  for  all  oxygen  compounds.  Many  ol  the  former  are  immediately  decompoaed,  when 
formed,  with  tliu  evolution  of  chlorine.  Therefore  chlorine  is  evolved  by  the  action  of 
hydrochloric  acid  on  oompounds  which  contain  mucli  oxygen.  From  this  it  is  evident  that 
diere  shnnld  exist  such  chlorine  compounds  as  would  evolve  chlorine  as  peroxides  evolve 

bementioiiedantimonypentachloride.  BbClf,  which  splits  npintochlorine  and  Bi    ' 
Lricldoride  when  heated.    Cupric  chloride,  corresponding  with  copper  oxide,  an^ 
n  compusilioii  CaClj,  simikr  to  CnO,  when  heated  parts  with  half  its  chlorine, 
liitriam  peroxide  evolves  half  its  oxygen.     This  method  may  even  be  taken  adva 
fi'rtliepreparaciunol  chlorine  and  cnprons  chloride,  CaCI,  The  1 

the  atmosphere,  and  in  so  doing  is  converted  from  a  aolourlesH  substance  into  a  green 
tumiioond  whoee  rximposition  is  Co.,Cl.jO.     With  hydrochloric 

cupric  chloride  (Cu,aaO-taHCl  =  H^O  +  aCuCLJ,  which  haa  only  to  be  dried  and  heated, 
and  it  again  evolves  chloriuc.  Thus,  in  solution,  and  at  the  ordinary  leiuperaliire,  the 
compound  CuCL  is  I'oustant,  but  wlien  heated  it  splits  np.  On  this  property  is  founded 
Deacon's  process  lor  the  preparation  ol  chlorine  from  hydrochloric  acid  by  the  aid  of  ait 
and  copper  sails,  by  passing  a  mixture  of  air  and  hydrochloric  acid  at  aliont  4)0^  over 
bricks  soaked  with  a  solution  of  a  copper  salt  ia  mixture  of  solulions  of  CuSO,  and  Na,80,). 
CnCL,  is  then  formed  by  the  double  decomposition  of  the  salt  ol  copper  and  tile  hydro, 
chloriu  acid;  the  CuClglibenileB  chlorine,  and  the  CoClformH  CngCl^witli  tlie  oxygen  of 
the  air,  which  again  gives  CuCL,  with  SHCl,  and  ao  on. 

Hagnesinm  chloride,  which  is  obtained  from  sea-walpr,  caruallite 
only  as  a  means  for  the  preparation  of  hydrochloric  acid,  but  also  of  chlorine,  I 
fWeldon-Pecliiny'a  process)  its  baaic  salt  (magnesium  oxychloride)  when  healed  in  the 
iiir  gives  magnesium  oildc  and  chlorine.    CUcirine  i>  nuw  pn<giared  i>u  a  large  scale  by 
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mixture  of  common  salt  and  sulphuric  acid  *  and  washing  the  gas  with 
water  tr>  remove  hydrochloric  acid.  The  action  of  hydrochloric  acid  on 
bleaching  powder  (p.  161)  gives  chlorine  without  the  aid  of  heat: 
CaCl20.^  +  4HCl=CaCl.^-|-2H20  +  2Cl2,  and  is  therefore  also  taken 
advantage  of  in  the  laboratory  for  the  preparation  of  chlorine.* 
Chlorine  cannot  be  collected  over  mercury,  because  it  combines  with  it 
as  with  many  other  metals,  and  it  is  soluble  in  water  ;  however,  it  it 
but  slightly  soluble  in  hot  water  or  brine.  Owing  to  its  great  weight, 
chlorine  may  be  directly  collected  in  a  dry  vessel  by  introducing  the 
gas-conducting  tube  into  the  bottom  of  the  vessel.  The  chlorine  will 
lie  in  a  heavy  layer  at  tiie  bottom  of  the  vessel,  displace  the  air,  and 
the  extent  to  which  it  fills  the  vessel  may  be  followe<l  by  its  colour.* 

*  Tlie  following  proportions  are  then  taken  by  weight :  3  parts  of  powdered  xiianga- 
nese  peroxide,  4  partH  of  salt  (be«t  fused,  to  prevent  its  frothing),  and  9  parts  of  aulpharic 
acid  previously  mixed  with  5  parts  of  water.  It  is  heated  in  a  salt  bath,  so  as  to  obtain  a 
temperature  above  100  .  The  corks  in  the  apparatus  must  be  soaked  in  p>araflin  (other- 
wise they  are  corroded  by  the  chlorine;,  and  black  india-rubber  tubing  must  be  taken,  and 
not  vulcanised  (which  contains  sulphur,  and  becomes  brittle  under  the  action  of  the  chlorine). 

The  rearition  which  proceeds  may  be  expressed  thus:  Mn02  +  2NaCl  +  2H.jS04  = 
MnS04  +  NaiS04  +  2H.jO-T  Cl.^.  The  preparation  of  Clj  from  manganese  peroxide  and 
hydrochloric  acid  was  discovered  by  Scheele,  and  from  sodium  chloride  by  Herthollet. 

*  The  reaction  of  hydrochloric  acid  on  bleaching  powder  is  very  violent  if  all  the 
acid  be  added  at  once ;  it  should  be  |X)ured  in  drop  by  drop  (Memie,  Kauinierer). 
C.  Winkler  propose<l  mixing  bleaching  powder  witli  one  quarter  of  burnt  and  powdexvd 
gypsum,  and  having  djunped  the  mixture  with  water,  to  press  and  cut  it  up  into  cubes  and 
dry  at  the  ordinary  temperature.  These  cubes  can  be  used  for  the  preparation  of  chlorine 
in  the  same  apparatus  as  tliat  used  for  the  evolution  of  hydrogen  and  carbonic  anhydride 
— the  disengagement  of  the  chlorine  proceeds  uniformly. 

A  mixture  of  potassium  dichromate  and  hydrochloric  acid  evolves  chlorine  perfectly 
free  from  oxygen  (V.  Mej-er  and  Langer). 

*  Chlorine  is  manufactured  on  a  lartfe  scale  from  manganese  peroxide  and  hydrochloric 
acid.  It  is  most  conveniently  prepared  in  the  arrangement  sliown  in  fig.  67,  which  con- 
sists of  a  three-necked  earthenware  vessel  wliose  central  orifice 
is  the  largest.  A  clay  or  lead  funnel,  furnished  with  a  number 
of  orifices,  is  placed  in  the  central  wide  neck  of  the  vessel. 
Koughly-ground  lumps  of  natural  manganese  peroxide  are  placed 
in  the  funnel,  which  is  then  closed  by  the  cover  N,  and  luted 
witli  clay.  One  orifice  is  closed  by  a  clay  stx)pper,  and  is  used  for 
tlie  introduction  of  the  hydnwhhjric  tvcid  and  withdrawal  of  the 
residues.  The  chlorine  disengaged  passes  along  a  leaden  gas- 
conducting  tube  placed  in  the  other  orifice.  A  row  of  these 
vessels  is  surrounded  by  a   water-bath,   to  ensure  their  beinj^ 

Pio.  67.-Clfty  rotort  for    uniformly  heated.     Manganese  chloride  is  found  in  the  residue. 

the  prof«rotion  of  (.ililo-    -     .„       *  ,  .  ,     . 

rine  on  a  lari^e  .scale.  In  Weldon's  process  lime  is  added  to  the  acid  solution  of  man- 
ganese chloride.  A  double  decomposition  takes  place,  resulting 
in  the  fomiation  of  manganous  hydrr>xide  and  calcium  chloride.  When  the  insoluble 
manganous  hydroxide  has  settled,  a  further  excess  of  milk  of  lime  is  added  (to  make 
a  mixture  2Mn(OH)2  +  CaO-f  jrCaCl.^,  which  is  found  to  be  the  best  proportion,  judging 
from  experiment),  and  then  air  is  forced  through  the  mixture.  The  hydroxide  is  then 
converted  from  a  colourless  to  a  brown  substance,  containing  peroxide,  MnOj,  and  oxide 
of  manganese,  Mn.^Oj.     This  is  due  to  the  manganous  oxide  absorbing  oxyjjen  from  the 
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Chlorine  is  n  gat  of  a  yellowiBh  green  colour,  and  has  a  very 
sufFocntiug  and  characteristic  odour.  On  lowering  the  temperature  to 
—  30°  or  increasing  the  pressure  to  six  atmospheres  (at  0°)  chlorine 
condenses'  into  a  liquid  which  has  a  yellowish  green  colour  and  a 
density  of  1'3,  and  boils  at  — 34°.  The  density  and  atomic  weight  of 
chlorine  is  35-5  times  greater  than  that  of  hydrogen,  hence  the  molecule 
contains  Clj.^  At  0°  one  volume  of  water  dissolves  about  1^  volumes 
of  chlorine,  at  10°  about  three  volumes,  at  50°  again  1^  volumes.^ 
Such  a  solution  of  chlorine  is  termed  '  chlorine  water ' ;  and  is  employed 
in  a  diluted  form  in  medicine  and  laboratory  practice.     It  b  prepared 

air,  Un[l«r  the  action  of  hydrochloric  nciil  thin  miiture  evohen  chlorine,  because  of  all 
the  compounds  of  chlorine  and  mangane»e  the  chloride  MnClj  i»  the  only  one  which  is 
Htable  {aee  Xote  8).  Thus  one  and  the  same  muss  o[  manganeKe  may  Iw  repeatedly  used 
for  the  preparution  of  chlorine.  Tlie  Name  result  is  nttained  in  other  wsyn.  If  manga- 
nous  oiidB  be  Bubjected  to  the  atlion  o(  oxidefi  of  nitrogen  iind  air  (Coleman's  procewii, 

agnin  used  in  the  procenB)  and  miinganeee  peroiide,  which  ia  thus  renewed  for  tlie  treah 
evolution  of  chlorine. 

'  Ditvy  and  Funulay  lirgnefled  chlorine  in  IH2S  by  heating  the  crystallo-hydtate 
CJ/tHjOinabenttube|U)iethatBhowninfi|{.  45,  p.  S48),  in  worm  water,  while  the  other 
end  of  the  tube  nas  iittmerxed  in  a  freezing  mixture.  Meeelan  condensed  chlorine  in 
frcBhly-bnml  charioal  iplaced  in  a  glans  tube),  which  when  ciJd  ibaorba  uii  eiiual  weight 
of  <'hlorine.     The  tube  war  then  fused  up,  the  bent  end  cooled,  and  tlie  cliarcoal  heated, 

'  Judging  from  Ludwig's  obeeriatioua  (ISttB),  and  from  the  fact  that  the  coefficient  of 
eipansinn  of  gaWM  increaeeH  with  tbeir  molecular  weight  (Chapter  II.  Note  26,  for  hydrc^en 
^0'»ltT,carboni<' anhydride  ^0878,  hydrogen  bromide  >a'»nU),  it  might  beeipecled  that 
the  eipanHion  of  clilorine  would  be  greater  than  that  of  air  or  of  the  gaeea  composing  it. 
V.  Meyer  and  Langer(Ilt«5)hH\-ing  remarked  that  at  1400°  the  density  of  chlorine  (taking  its 
ei]iansicin  as  equal  Ut  that  of  nitrogen)  -^W,  consider  that  the  molecules  of  clilorine  split 
up  and  luirtlally  gire  molecules  CI,  but  it  might  be  thought  that  the  decrease  in  density 

^  IniBHtigatioiw  on  the  solubility  of  chlorine  in  water  (the  solutions  evolve  all  their 
I'hiorine  on  boiling  and  paHHing  air  throogh  them)  show  many  different  peculiarities. 
First  tlay-Lnssac,  iind  then  Pelouie.  determined  that  the  nolobilily  increases  between 
0"  and  N°  to  10-(from  IJ  to  M  vols,  ol  chlorine  per  100  vols,  of  water  at  0'  to  » to  2}  at  10°). 
In  the  following  note  we  shall  itee  thai  this  is  not  dneto  the  breaking- np  of  the  hydrate  at 

bility  of  chlorine  in  the  presence  of  hydrogen — even  in  the  dark.  Berthelot  determined 
an  increaM!  of  Bolnbility  with  the  progress  of  time.  Schiinebein  and  others  suppose  that 
thlorine  acts  on  water,  forming  hyiiochlorous  and  hydrochloric  acids  CHClO-r  HCI). 

The  Minilibrium  between  chlorine,  steam  as  a  gas,  between  viiter,  licjuid  chlorine,  ice, 
and  the  «ilid  crystallo- hydrate  of  ehlorine  is  evidently  very  onnplex.     (luldberg  (WTO) 

IxHini  (liwTI.  but  it  woatd  be  inopportune  here  to  enter  into  its  deUils.  It  will  be  enough 
in  the  first  place  to  mention,  that  there  is  now  no  doubt  (according  to  the  theory  ol  heat, 
and  the  direct  observstions  of  Bamsayand  Young)  that  the  vaponr  tension  atone  and  the 
same  teini>erataie  are  different  for  the  liquid  and  solid  states  of  substances;  secondly,  to 
tall  attention  to  the  following  note ;  and,  thirdly,  to  state  that,  in  the  presence  of  the 
erj'HtHllo-liydmle,  water  between  0-34°  and  +  att'T''  (when  the  hydrate  and  a  solution  may 
occur  simultaneously  J  dissolves  a  different  amount  of  chlorine  than  it  does  in  the  absence 
of  the  crystallo-hydrate. 
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by  jiaA-^iiig  chlorine  through  a  series  of  Woulfe's  >x>ttles,  or  into  an 
in  verier  1  retort  filled  with  water.  Under  the  action  of  Ugfat,  chlorine 
water  gives  oxygen  and  hydrochloric  acid.  At  0^  a  satomted  solution 
of  chlorine  yieUU  a  crj'stallo-hydrate.  CI  jJ^H^O,  which  easilj  splits  op 
into  chlorine  and  water  when  heated,  so  that  if  it  Ije  fused  up  in  a  tube 
and  heated  to  35^  two  layers  of  liquids  are  formed — a  lower  stFatum 
of  chlorine  containing  a  small  quantity  of  water,  and  an  upper  stratum 
of  water  containing  a  small  quantity  of  chlorine.*® 

Chlorine  expU^les  with  hyflrofj**n,  if  a  mixture  of  equal  volumes  be 
exp^jsed  to  the  direi:t  action  of  the  sun's  rays"  or  brought  into  contact 
with  sj)ongy  platinum,  or  a  strongly -heate<l  substance,  or  subjected  to 
the  action  of  an  electric  sp;irk.     The  explosion  in  this  case  takes  place 


'''  According:  U>  Fararlay'j»  (lata  the  hydrate  of  cliloriiie  contains^  Cl.^lOH.^.O,  bat  Rooze- 
Ikxhii  (1h85»  s\uivk't-i\  that  it  is  iKw>rer  in  water  -C1,..mH._,0.  At  first  snuJl,  almost 
coloarlehs,  cn>>»talH  ar**  ohtained.  but  they  grudnally  fonu  lif  the  temperature  be  below 
their  critical  |K»int  2m-7',  above  which  they  do  not  exist)  large  yellow  cr\-Htals,  like  those  of 
IK/taHHiuin  chrr>iuate.  The  specific  jrravity  is  TiiU.  The  hydrate  is  formed  if  there  be 
more  chUirine  in  a  K'>lution  than  it  is  able  to  di!«S4>lve  under  the  disAOciation  pressure 
correftfKnidinj;  with  a  jriven  temperature.  /;<  the  presence  of  the  hydrate  the  percentage 
amount  of  (chlorine  at  (»'  0'5,  l)--^Ol»,  and  at  tiO'-^lH'i.  At  temperatures  below  9^  the 
Milubility  fdi'terniined  by  (ray-Lussacand  Pclouze.*^^  Note  J>)  isdei>endent  ou  the  forma- 
tion r»f  th*;  hydrate ;  whilst  at  higher  tenii>eratures  under  the  ordinary  pressure  the 
hydratif  cannot  b»;  formed,  and  the  solubility  of  chlorine  falls,  as  it  does  for  all  gasc^s 
(Chapter  I.).  If  th»!  crystallo- hydrate  is  not  forme<l,  then  Wlow  U'  the  solubility  follows 
the  *»ani«'  rule  ii\  I'OT  p.c  C1,0  OD.^  p.c.i.  According  to  RoozelM)om  the  chlorine  evolved 
by  the  hydrat*'  prcMMit-.  the  foUowijig  tensif  ns  of  dissociation  atO-  =241)  mm.,  at  4- =898, 
at  M'  .  «;2().  at  10  7ii7,  at  14  ^  -  1400  mm.  In  this  case  a  ]K)rtion  of  the  cryHtallo-hydrate 
remains  solid.  At  O'O  the  tension  of  dissociation  is  e<]ual  to  the  atmospheric  pressure.  At 
a  liighcr  prcssun*  tlie  crystallo-hydrate  may  form  at  tcmiH?ratureft  above  9^  up  to  28'7^, 
when  the  vajMiur  U'Jision  of  the  hydrate  equals  tlie  tension  of  the  chlorine.  It  is  evident 
that  the  eipiilibrium  which  is  established  is  on  the  one  hand  a  case  of  a  complex  hetero- 
geneous system,  and  on  the  other  hand  a  case  of  the  M)lution  of  solid  and  gaseous 
HubHtances  in  water. 

ITie  crystallo-hydrate  or  chlorine  water  must  be  kept  in  the  dark,  or  the  access  of  light 
be  prevent<.'<l  by  coloured  glass,  otherwise  oxygen  is  evolved  and  hydrochloric  acid 
forniiMl. 

•'  The  chemical  action  f>f  light  on  a  mixture  of  chlorine  and  hydrogen  was  discovered 
by  Oay-IiUssac  and  Draper  (iHOlh.  It  has  been  investigated  by  many,  and  eapecially  by 
Draper,  Hunwn,  an<l  Roscm*.  Electric  or  n:agnesium  light,  or  the  light  emitted  by  the 
combustion  of  carbon  bisulphide  in  nitric  oxide,  and  in  general  that  which  forms  photo- 
gra])hic  images,  acts  in  the  same  manner  as  sunlight,  according  to  the  intensity.  At 
temperatures  below  —12^  h'glit  no  hmger  brings  about  reaction,  or  at  all  events  does  not 
give  an  explosion.  It  was  long  su])posed  that  chlorine  that  had  been  subjected  to  the 
action  of  light  was  afterwards  able  to  act  on  hydrogen  in  the  dark,  but  it  was  shown  that 
this  only  takes  place  with  moist  chlorine,  and  depends  on  the  formation  of  oxides  of  chlo- 
rine. The  presence  of  foreign  gases,  and  even  of  excess  of  chlorine  or  of  hydrogen,  very 
much  enfeebles  the  exj>losion,  and  therefore  the  exi)eriment  is  conducted  with  a  detonat- 
ing mixture  prepared  by  the  action  of  an  electric  current  on  a  strong  s<ilution  (sp.  gr.  1'15) 
of  hydnK'hloric  acid,  in  which  case  the  water  is  not  decomposed — that  is,  no  oxygen  is 
mixed  with  the  chlorine. 
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from  exactly  the  same  reasons — i.e.  the  evnlution  of  bent  nnd  espatiaion 
of  iho  reiiultiiiit  piiKtuct — as  in  detonating  gas  (Oliap.  lit.).  Diffused 
light  acts  in  the  snme  way,  liut  slowly,  whilst  the  direct  sunlight  excites 
an  explosion."  The  hyrlrochloric  acid  gasproduced  by  the  reaction  irf 
ehlorine  on.  hydrogen  iK-cupies  (at  the  saiue  tempentture  and  pressure) 
A  volume  equal  to  the  suni  of  tlie  original  volumes  ;  that  is,  a  reiictioii 
of  substitution  here  tiifcea  place;  H^  +  CIi^HCt +  HC1,  the  atoms  of 
chlorine  and  hydrogen  changp  places— there  were  two  molecules  and 
two  molecules  are  also  obtained,  although  different  molecules  were  first 
taken  and  like  molecules  are  formed.  In  this  reaction  twenty-two 
thous;ind  heat  units  are  evolved  for  one  part  by  weight  of  hydrogen." 

These  relations  show  that  the  affinity  of  chlorine  for  hydrogen  is 
very  great  and  analogous  to  the  affinity  between  hydrogen  and  oxygen. 


!  ixpmpnrtiunAl  lothemtunBity 
Df  tbe  1i);ht— not  at  til  Lhe  njH,  but  only  tiiDHn  so-termeil  chemical  liKtinic)  nys  which 
produce  cUtsmicaJ  action.  Hencv  a  mixture  of  chlorine  and  hydmgen,  when  eipoaed  b> 
the  uotiou  of  liffht  in  veaaeli  of  known  ca|ia<^ty  and  Hurface,  may  be  einpLoytnL  an  a  meana 
tor  etttimatiug  the  inteniity  of  the  uhEmiuAl  n,y%  (aa  an  Mtiuometer),  Lhe  inflaenoe  of  tlie 
heat  nijra  being  previansly  destroyed,  which  ma  y  bo  done  by  pasging  the  leyB  throagh 
water.  Inventigottani  of  this  hind  |photo.cbemicBll  (bowed  that  dieinical  actioQ  i> 
ehieSy  limited  to  the  violet  end  ot  Uie  Hpectmm,  and  thitl  even  the  invisible  ultra-violet 
raya  prodnee  this  aotjon.  A  oalnnrleiiH  gae  flame  oontaini  no  chemieally-actiTe  raya,  tlio 
flame  colonned  green  by  a  wtlt  ol  copper  evinces  mnce  chemical  aetion  than  the  eoloartew 
flame,  bat  the  flame  brightly  coloured  yellow  by  ualts  of  sodium  has  no  more  clieuiical 
action  than  llint  of  tlie  colonrlesa  flame. 

As  the  cbetnical  action  of  light  becoineB  evident  in  plants,  pholograpby,  the  bleacbing 
of  tisEueB,  and  the  fading  ot  eolonn  in  the  simligbt,  and  ax  a  mennR  for  studying  the 
phenomenon  is  given  in  the  reaction  of  chlorine  on  bydrogen,  this  subject  bas  been  the 
nodt  fnlly  investigated  in  phoio-chemiatTy.  The  reHearohes  of  Buugen  and  Roacoe  in 
the  fifties  and  sixties  are  the  most  complete  in  this  respect.  Their  actinometer  contains 
bydrogen  and  chlorine,  and  is  enclosed  by  a  soluCion  of  chlorine  in  water.  The  hydro- 
ehloric  acid  Is  absorbed  as  it  forms,  and  therefore  the  variation  in  volume  indicaten  the 
progress  ot  the  combination.  As  w«s  to  be  expected,  the  action  ot  light  proved  to  be 
proportional  to  the  time  of  eiposnre  and  inlenaiCy  of  tbe  li^t.  so  that  it  was  poasibli>  li> 
Oondnct  detiuled  photometrical  investigations  respecting  the  time  ol  day  and  season  of 
the  year,  various  aoarcei  ot  light,  its  absorption,  &c.  This  subject  is  considered  in  detail 
in  special  works,  and  we  only  sfop  to  mention  one  oircumitance,  that  a  small  quantity  at 
a  foreign  gas  decreases  the  aatiou  ot  light;  for  example,  j)a  of  hydrogen  bj  ttS  px., 
^fni  of  oxygen  by  10  p.c,  y^  of  chlorine  by  Ba  p.c.,  (tc.  According  to  the  researcheit 
of  Klimenko  and  Pekatoros  (188fl),  the  photo-chemical  alteration  of  chlorine  water  is 
retarded  by  tli>'  presence  nf  traces  of  metallic  chlorides,  and  this  influence  varies  wJUi 
diSerent  metalo. 

Ai  much  beat  in  evolved  in  the  reaction  of  chlorine  on  hydrogenf  and  ae  this  reaction, 
being  exothermal,  may  pmceed  by  itmlt.  therefore  the  action  of  light  is  essentially  tlie 
same  as  that  of  heat — that  io.  it  brings  the  chlorine  and  hydrogen  into  the  condition 
necessary  for  the  reaction — it,  an  we  may  say,  shakes  the  original  eqnilibrinm  :  this  ia  the 
work  done  by  the  lonunaas  energy.  It  seems  to  me  that  tbe  action  of  light  on  the  mixed 
gueusluiulil  be  anderstond  in  this  sense,  as  Pringsheim  IISTT)  pointed  nut. 

"  In  the  formation  of  slearo  (from  one  part  by  weight  of  hydrogpn)  aiMXKJ  heal  unite 
are  evolved.     Tlie  following  are  the  qnantilies  of  heat  Ithousaiids  of  nnits)  evolved  in 
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Thus  ^*  on  the  one  hand  by  passing  a  mixture  of  steam  and  clilorine 
through  a  red-hot  tube,  or  by  exposing  water  and  chlorine  to  the  sun- 
light, oxygen  is  disengaged,  whilst  on  the  other  hand,  as  we  saw  above, 
oxygen  in  many  cases  displaces  chlorine  from  its  compound  with 
hydrogen,  and  therefore  the  reaction  H20-f-Cl2=2HCl-|-0  belongs  to 
the  number  of  reversible  reactions,  and  hydrogen  will  distribute  itself 
between  oxygen  and  chlorine  if  it  comes  into  contact  with  both  these 
elements.  These  relations  determine  many  of  the  properties  of 
chlorine — that  is,  its  relation  to  substances  containing  hydrogen  and  its 
reactions  in  the  presence  of  water,  to  which  we  shall  turn  our  attention 
after  having  pointed  out  the  relation  of  chlorine  to  other  elements. 

Many  inetah  when  brought  into  contact  with  chlorine  immediately 
combine  with  it,  and  form  those  metallic  chlorides  which  correspond 
with  hydrogen  chloride  and  with  the  oxide  of  the  metal  taken.  With 
a  large  surface  of  metal,  and  if  it  be  slightly  heated,  this  combination 
may  proceed  rapidly  with  the  evolution  of  heat  and  light ;  that  is, 
metals  are  able  to  burn  in  chlorine.  Thus,  for  example,  sodium  ^^  bums 
in  chlorine,  thus  synthesising  common  salt.  Metals  in  the  form  of 
powders  burn  without  the  aid  of  heat,  and  become  highly  incandescent 
in  the  process  ;  for  instance,  antimony,  which  is  a  metal  easily  con- 
verted into  a  powder. ^^     Even  such  metals  as  gold  and  platinum,'^ 

the  formation  of  various  other  corresponding  comijounds  of  oxygen  and  of  chlorine  (from 
Thomsen's,  and,  for  Na^O,  Beketofif's  results)  : 

f  2XaCl,  195  ;  CaCl.,  170  ;  HgCl,.,  03  ;  'iAgCl,  59. 

"(    Na.>0,  100;  CaO,  131 ;  HgO,  42;  Ag.p,  6. 

f  2A8CI5,  143;  2PC1:„  210  ;  CCI4,  21 ;  2HC1,  44  (gas). 

1  As-Pj,  155  ;  P...O5,  370 ;  CO...,  \)1 ;  H2O,  58  (gas). 

With  the  first  four  elements  the  formation  of  the  chlorine  compound  gives  the  most 
heat,  and  with  the  four  following  the  formation  of  the  oxygen  compound  evolves  the 
greater  amount  of  heat.  The  first  four  chlorides  are  true  salts  formed  from  HCl  and  the 
oxide,  whilst  the  remainder  have  other  properties,  as  is  seen  from  the  fact  that  they  are  not 
formed  from  liydrocliloric  acid  and  the  oxide,  but  give  hydrochloric  acid  with  water.  If 
affinity  be  measured  by  heat,  then  in  the  fonner  the  affinity  for  chlorine  is  greater  than 
that  for  oxygen,  whilst  in  the  latter  it  is  the  reverse.  But  as  the  physical  states  of  the 
substances  are  different,  and  as  chlorine  displaces  oxygen  as  well  as  oxygen  displaces 
chlorine,  the  affinity  cannot  be  determined  from  thermo-chemical  data  without  a  number 
of  corrections  which  are  still  subject  to  doubt. 

^*  This  has  been  already  pointed  out  in  Chap.  III.  Note  5. 

^*  Sodium  remains  unaltered  in  perfectly  dry  chlorine  at  the  ordinary  temperature, 
and  even  when  sUghtty  wanned ;  but  the  combination  is  exceedingly  violent  at  a  red  heat. 

^*  An  instructive  experiment  on  combustion  in  chlorine  maybe  conducted  as  follows: 
leaves  of  Dutch  metal  (used  for  gilding  instead  of  gold)  are  placed  in  a  glass  globe,  and  a 
gas-conducting  tube  furnished  with  a  glass  cock  is  placed  in  the  cork  closing  it,  and  the 
air  is  pumped  out  of  the  globe.  The  gas-conducting  tube  is  then  connected  with  a  vessel 
containing  chlorine,  and  the  cock  opened ;  the  chlorine  rushes  in,  and  the  metallic  leaves 
are  consumed. 

17  The  behaviour  of  platinum  to  chlorine  at  a  high  temperature  (1400^)   is  very 
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which  do  not  combine  directly  with  oxygen  and  give  very  unstable 
compouods  with  it,  unite  directly  with  chlorine  to  form  metallit; 
chlorides.  Either  clilorine  water  or  aqua  regia  may  be  employed  for 
this  purpose  instead  of  gaseous  chlorine.  These  dissolve  gold  and 
pUtinum,  converting  tliem  into  metallic  chlorides.  Aqua  rrgia  is  a 
mixture  of  1  part  of  nitric  acid  with  2  to  3  parts  of  hydrochloric  acid. 
This  mixture  converts  into  soluble  chlorides  not  only  those  metals 
which  are  acted  on  by  hydrochloric  and  nitric  acids,  but  also  gold  and 
platinum,  which  are  insoluble  in  either  acid  separately.  This  action 
of  aqua  regia  depends  on  the  fact  that  nitric  acid  in  acting  on  hydro- 
chloric acid  deprives  it  of  its  hydrogen,  and  evolves  chlorine  little  by 
little  as  the  action  proceeds.  If  the  chlorine  evolved  be  transferred  to 
a  metal,  then  a  fresh  quantity  is  formed  from  the  remaining  acids  and 
combines  with  the  metal. '^  Thus  the  aqua  regia  acts  in  virtue  of  the 
chlorine  which  it  contains  and  disengages. 

The  majority  of  non-metals  also  react  directly  on  chlorine  ;  sulphur 
and  phosphorus  burn  in  it,  and  combine  with  it  directly  when  heated 
or  even  at  the  ordinary  temperature.  Only  nitrogen,  carbon,  and  oxygen 
do  not  form  any  direct-  compounds  with  it.  The  chlorine  compounds 
formed  by  the  non'metals — for  instance,  phosphorus  trichloride,  PClj, 
;ind  sulphurous  chloride,  Ac,  do  not  have  the  properties  of  salts,  and 
if  the  metallic  chlorides  M„Clj„  correspond  with  bases  M„0„  and  their 
hydrates  M„(OH)j„,  then,  as  we  shall  afterwards  see  more  fully,  the 
chlorides  of  the  non-metals  bear  the  same  relation  to  acid  anhydrides 
and  acids  : 

NaCl         FeCl,         SnCl,         PCI3         HCl 
Na(HO)  Fe(HO),  Sn{HO),   P(HO)j   H(HO) 

rmimrhalilt,  Wcuuiw  jiluCinoiiH  cliloride,  PtCl,,  ih  then  toctned.  wh[lst  this  BUbHtaoce  de- 
iMiii|ioie»  at  11  ninoh  lower  tempernture  into  chlorine  and  p1ati"uni.  Therefore,  when 
chlnriiit  t'omeH  into  coiitatt  with  pintinum  at  such  high  tempersturen  it  forms  fames  of 
pUtinouH  chloride,  and  tliejr  on  cooling  decouiiMwe  with  the  liberation  of  plBlinoni,  bo 
tliiit  the  plienomennii  a]>iieara  to  be  dependent  on  the  volatility  of  platinum.  Deville 
pnivefl  the  fonimlion  of  platinouii  chloride  by  inserting  p,  cold  tabe  inside  h  red-hot  one 
(as  in  (he  eii^riment  on  carbonic  oiide,  p.  888).  However,  Meyer  wsb  able  to  observe 
tlie  deniuly  of  chlorine  in  a  platinum  vessel  at  KWUp.  at  which  lempernlute  chlorine  does 
not  eii-rtthis  action  on  platinum,  or  at  least  only  to  an  insiiniificant  dei^ee. 

"  Wlien  left  exposed  In  the  air  aqua  rejria  diaenfCaKes  chlorine,  and  atterHanls  it  no 
lunRsrnctson  gold.  Gay-Lussac,  in  expUining  the  action  of  aqua  lefpa,  showed  that  when 
lieatvd  it  evolves,  besides  clilorine,  the  raponrs  of  two  chloranhydridee — that  of  nitric 
acid,  N0]C1  (nitric  aciil,  NO^OH.  in  which  HO  is  replace.1  by  chlorine,  >ee  chapter  on 
Phosphorus),  and  that  of  nitroua  acid,  >'OCI  tibiil.)—hnt  these  do  not  act  on  gold.  The 
formation  of  a<]Oa regis  may  therefore  beeipreased  by  4SHOs  +  BHCl-aSO5CI  +  aN0Cl  + 
«H.,0  -f  aCI.,.  Tlia  formation  of  the  chlorides  NO,Cl  and  NOCI  is  eiplained  by  the  fact 
tlmt  the  nitric  acid  is  deoiidised,glve»  the  oiides  XO  and  SO,,  aiid  ll.ey  directly  combine 
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As  the  above-mentioned  relation  in  composition  exists  betwi 
many  chlorine  compounds  and  their  correspcmding  hydrates  and  at 
furthermore  »ome  (acid)  hydrates  are  obtained  from  chlorine  oompoonds 
by  the  action  of  water,  for  instance 

PCI,         +       3H,0       =      P(HO),      +       3Ha 

PliOKphonm  mr.*...*  Pliosphoioiis  Hydxochlcnic 

trichloride  ^"^^  acid  acid; 

whilst  other  chlorine  compounds  (basic)  are  formed  from  hydroxides 
and  hydrochloric  acid,  with  the  liberation  of  water^  for  instance 

NaHO     +     HCI     =     NaCl     +     H^O ; 

therefore  this  intimate  connection  between  the  hydrates  and  chlorine 
compounds  is  endeavoured  to  be  expressed  by  calling  the  latter  chlar- 
atUiydrid^s,     In  general  terms,  if  the  hydrate  be  basic,  then, 

M(HO)     +  HCI        =  MCI        +     HjO 

liydrate       +     hydrochloric  acid  =       choranhydride     +        water 

and  if  the  hydrate  ROH  be  acid,  then 

RCl         -f-     HjO     =     R(HO)     +  HCI 

Choranhydride  +       water       ■=       hydrate  +         hydrochloric  acid. 

In  this  manner  a  distinct  equivalency  is  remarked  between  the 
compounds  of  chlorine  and  the  so-called  hydroxyl  radicle  (HO),  which 
is  also  expressed  in  the  analogy  existing  between  chlorine,  CIg,  and 
hydrogen  peroxide,  (HO).^. 

As  regcirds  the  chloran hydrides  corresponding  with  acids  and  non- 
metals,  they  bear  but  little  resemblance  to  metallic  salts.  They  are 
nearly  all  volatile,  and  have  a  powerful  suffocating  smell  which  irritates 
the  eyes  and  respiratory  organs.  They  react  on  water  like  many 
^anhydrides  of  the  acids,  with  the  evolution  of  heat  and  liberation  ol 
hydrochloric  acid,  forming  acid  hydrates.  For  this  reason  they  cannot 
usually  be  obtained  from  hydrates — that  is,  acids — by  the  action  of 
hydrochloric  acid,  as  then  water  would  be  formed  together  with  them, 
and  water  decomposes  them,  converting  them  into  hydrates.  There  are 
many  intermediate  chlorine  compounds  between  true  saline  metallic 
chlorides  like  sodium  chloride  and  true  acid  chloranhydrides,  just  as 
there  are  all  kinds  of  tiunsitions  between  bases  and  acids  ;  feeble  bases 
not  unfrequently  present  feel)le  acid  properties.  These  relations  will 
become  gradually  clearer  as  we  become  acquainted  with  elements  of 
<lifferent  character,  and  for  the  sake  of  greater  clearness  we  will  not 
enter  into  an  intimate  ac(}uaint;ince  with  the  saline  character  of  acid 
•chloranhydrides,  and  will  only  remark  that  compounds  of  this  type  are 


THE   HALOGENS  468 

not  only  obtained  from  chlorine  and  non-metals,  but  also  from  many 
lower  oxides,  by  the  aid  of  chlorine.  Thus,  for  example,  CO,  NO, 
NO^,  iiO.„  and  other.lower  oxides  which  are  capable  of  combining  with 
oxygen  may  also  assimilate  to  themselves  a  corresponding  qaantity  of 
chlorine.  Thus  0001.^,  NOCl.  NOjCl,  SO^Clj,  4c.,  are  obtained.  They 
correspond  with  the  hydrat«s  CO(OH)j,  NO(OH),  NO,(OH),  SO,(OH)„ 
Ac,  and  to  the  anhydrides  COj,  N.^Oa,  N.jO,,  SOj,  ic-  In  this  we  should 
evidently  see  two  sides  of  the  matt«r  :  ( I )  chlorine  combines  with  that 
with  which  oxygen  is  able  to  combine,  because  it  is  in  many  respects 
equally  if  not  more  energetic  than  oxygen  and  replaces  it  in  the  propor- 
tion CP  :  0  or  (01 :  OH) ;  (2)  that  highest  limit  of  possible  combination 
which  is  proper  to  a  given  element  or  grouping  of  elements  is  very 
easily  and  oEt«n  attained  by  combination  with  chlorine.  If  phosphorus 
gives  PClj  and  PClj,  it  is  evident  that  PCI,  is  the  higher  form  of 
combination  compared  with  PClj.  Tii  the  form  PCU  or  in  general  PXj, 
correspond  PH,I,  PO(OH)j,  POCij,  &c.  If  chlorine  does  not  always 
directly  give  compounds  of  the  highest  possible  forms  for  a  given 
itlement,  then  generally  the  lower  forms  combine  with  it  in  order  to 
reach  or  appriMich  the  limit.  This  is  particularly  clear  in  hydnwairbona, 
where  we  see  the  limit  C„Hj„+j  very  distinctly.  The  unsaturated 
hydrocarbons  are  sometimes  able  to  combine  with  chlorine  with  the 
j,'reatest  ea.seand  thus  reach  the  limit.  Thus  ethylene,  CjH^,  combines 
with  Clj  forming  the  so-called  Dutch  liquid  or  ethylene  chloride, 
CjH,Ch^,  l>ecause  it  then  reaches  the  limit  C„X,.^.,.  In  all  like  cases 
the  combined  chlorine  is  able  by  reactions  of  substitution  to  give  a 
hydroxide  and  a  whole  series  of  other  derivatives.  Thus  a  hydroxide 
culled  glycol,  OjH,(OH).„  is  obtained  from  C.H.Cl,. 

In  this  way  chlorine  whilst  entering  with  great  ease  into  combina- 
tion with  simple  gases,  in  a  number  of  cases  converts  lower  fomis  of 
I'om  hi  nation  into  higher.  Very  often  chlorine  in  t?ie  presence  of  latlrr 
acts  directly  ns  /in  o.r.idii>ing  at/ent.  A  substance  A  combines  with 
chlorine  and  gives,  fi)r  example,  ACl.^,  and  this  in  turn  a  hydroxide 
A(OH)a,  which  on  losiiig  water  tonus  AC  Hence  the  chlorine 
oxidiseil  the  sul^stance  A.  This  fre(|uently  happens  in  the  simulta- 
neous action  of  water  and  chhirine:  A  +  H.jO  4-Cl,i=s2HCl-(-AO. 
Examples  of  this  oxidising  action  of  chlorine  may  frequently  be 
<il)served  l>oth  in  chemical  practice  and  technical  processes.  Thue 
chlorine,  for  instance,  in  the  presence  of  water  oxidises  sulphur  and 
nietJitlic  sulphides.  In  this  case  the  sulphur  i.s  converted  into 
Mulphuric  acid,  and  the  chlorine  into  hydrochloric  acid  or  a  metal- 
lic chloride  if  a  metallic  sulphide  be  taken.  A  mixture  of  carbonic 
oxide    and    chlorine    passed    into    water    gives    carbonic    anhydride 
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and  hydrochloric  acid.  Sulphurous  anhydride  is  oxidised  by 
chlorine  in  the  presence  of  water  into  sulphuric  acid,  just  as  it  is 
by  the  action  of  nitric  acid:  S02  4-2H204-Cl2=H2S04  +  2HCl. 
The  oxidising  action  of  chlorine  in  the  presence  of  water  is  taken 
advantage  of  in  practice  for  the  rapid  bleaching  of  tissues  and  fibres. 
The  colouring  matter  of  the  fibres  is  altered  by  oxidation  and  con- 
vei^ted  into  a  colourless  substance,  but  the  chlorine  afterwards 
acts  on  the  tissue  itself.  Bleaching  by  means  of  chlorine  therefore 
requires  a  certain  amount  of  technical  skill  in  order  that  the  chlorine 
should  not  act  on  the  fibres  themselves,  but  that  its  action  should  be 
limited  to  the  colouring  matter  only.  The  fibre  for  making  writing 
paper,  for  instance,  is  bleached  in  this  manner.  The  property  of 
chlorine  of  bleaching  was  discovered  by  Berthollet,  and  forms  an 
important  acquisition  to  the  arts,  because  it  has  in  the  majority  of 
cases  replaced  that  which  before  was  the  universal  method  of  bleach- 
ing, namely,  exposure  to  the  sun  of  the  fabrics  damped  with  water, 
which  is  still  employed  for  linens,  &c.  Time  and  great  trouble,  and 
therefore  money  also,  have  been  considerably  saved  by  this  change.*® 

The  power  of  chlorine  for  combination  is  intimately  connected  with 
its  capacity  for  substitution,  because,  according  to  the  law  of  substitu- 
tion, if  chlorine  combines  with  hydrogen,  then  it  also  replaces  hydrogen, 
and  furthermore  the  combination  and  substitution  are  accomplished  in 
the  same  quantities.  Therefore  the  atom  of  chlorine  which  combines 
with  the  atom  of  hydrogen  is  also  able  to  rejylace  the  atom  of  hydrogen. 
We  mention  this  property  of  chlorine  not  only  because  it  illustrates 
the  adaptation  of  the  law  of  substitution  in  clear  and  historically 
important  examples,  but  more  especially  because  reactions  of  this  kind 
explain  those  indirect  methods  of  the  formation  of  many  substances 
which  we  have  often  mentioned  and  to  which  recourse  is  had  in  many 
cases  in  chemistry.  Thus  chlorine  does  not  act  on  carbon,*^  oxygen, 
or  nitrogen,  but  nevertheless  its  compounds  with  these  elements  may 
be  obtained  by  the  indirect  method  of  the  substitution  of  hydrogen 
by  chlorine. 

As  chlorine  easily  combines   with  hydrogen  and  does  not  act  on 

1'  The  oxidising  property  of  chlorine  shows  itself  when  it  destroys  the  majority  of 
organic  tissues,  and  proves  fatal  to  organisms.  This  property  of  chlorine  is  taken 
advantage  of  in  quarantine  stations.  But  the  simple  fumigation  by  chlorine  must  be 
carried  on  with  great  care  in  dwelling  places,  because  chlorine  disengaged  into  the 
atmosphere  renders  it  harmful  to  the  health  by  attacking  the  respiratory  organs  and  the 
tissues  of  the  lungs. 

"^  A  certain  propensity  of  carbon  to  attract  chlorine  must  be  seen  in  the  immense 
absorption  of  chlorine  by  charcoal  (Note  7),  but,  as  far  as  is  at  present  known  (no  one 
has  tried,  if  I  do  not  mistake,  to  liave  recourse  to  the  aid  of  light),  no  combination  then 
takes  place  between  the  chlorine  and  carbon. 
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carbon,  it  decomposes  hydrocarbons  (and  many  of  their  derivatives)  at 
a  higli  temperature,  depriving  them  of  their  hydrogen  and  Hberating 
the  carbon,  as,  for  example,  is  clearly  seen  when  a  lighted  candle  is 
placed  in  a  vessel  containing  chlorine.  The  flame  becomes  smaller  but 
<;ontinues  for  a  certain  time,  a  large  amount  of  soot  is  obtained,  and 
hydrochloric  acid  is  formed.  In  this  case  the  gaseous  and  incandescent 
substances  of  the  flame  are  decomposed  by  the  chlorine,  the  hydrogen 
combines  with  it,  and  the  carbon  is  disengaged  as  soot.**  This  action 
of  chlorine  on  hydrocarbons,  *S:c.„  proceeds  otherwise  at  lower  tempera- 
tures, as  we  will  proceed  to  consider. 

A  very  important  epoch  in  the  history  of  chemistry  was  formed  by 
the  discovery  of  Dumas  and  Laurent  that  chlorine  is  able  to  displace 
and  replace  hydrogen.  This  discovery  is  important  from  the  fact  that 
chlorine  proved  to  be  an  element  which  combines  with  great  ease 
simultaneously  with  both  the  hydrogen  and  the  element  with  which 
the  hydrogen  was  combined.  This  clearly  proved  that  there  is  no 
opposite  polarity  between  elements  forming  stable  compounds.  Chlorine 
does  not  combine  with  hydrogen  because  it  has  opposite  properties,  as 
Dumas  and  Laurent  stated  previously,  accounting  hydrogen  to  be 
electro-positive  and  chlorine  electro-negative  ;  this  is  not  the  reason  of 
their  combining  together,  because  the  same  chlorine  which  combines 
with  hydrogen  is  also  able  to  replace  it  without  altering  many  of  the 
properties  of  the  resultant  substance.  This  substitution  of  hydrogen 
by  chlorine  is  termed  metalep»is.  The  mechanism  of  this  substitution 
is  very  constant.  If  we  take  a  hydrogen  compound,  preferably  a 
■Jiydrocarbon,  and  if  chlorine  act  directly  on  it,  then  there  is  produced 
on  the  one  hand  hydrochloric  acid  and  on  the  other  hand  a  compound 
containing  chlorine  in  the  place  of  the  hydrogen — so  that  the  chlorine 
divides  itself  into  two  equal  portions,  one  portion  is  evolved  as  hydro- 
chloric acid,  and  the  other  portion  takes  the  place  of  the  hydrogen  thus 
liberated.  Ileiice  this  vietalepsis  is  always  accompanied  by  the  formation 
of  hydrochloric  acidJ^     The  scheme  of  the  process  is  as  follows  : 

C„H„.X         +         CI,         =         C„H,..,C1X       +  HCl 

Hydrocarbon.  Free  chlorine.  Product  of  metalepsis.       Hydrochloric  acid. 

-'  The  same  takes  place  under  the  action  of  oxygen,  with  the  difference  that 
it  bums  the  carbon,  which  chlorine  is  not  able  to  do.  If  chlorine  and  oxygen  compete 
together  at  a  high  temperature,  the  oxygen  will  unite  with  the  carbon,  and  the  chlorine 
with  tlie  hydrogen ;  if  pure  hydrogen  be  taken  with  a  sufficient  quantity  of  chlorine,  it 
will  all  combine  with  the  chlorine  without  forming  any  water  with  the  oxygen. 

"  This  division  of  chlorine  into  two  portions  may  at  the  same  time  be  taken  as  a  clear 
confirmation  of  the  conception  of  molecules.  According  to  Avogadro-6erhardt*s  law,  the 
molecule  of  chlorine  (p.  808)  contains  two  atoms  of  this  substance ;  one  atom  replaces 
the  hydrogen,  and  the  other  combines  with  it. 

VOL.    I.  H  H 
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Or,  in  general  terms^ 

RH     +     CI,     =     RCl     +     HCl. 

Tlie  coiiditiiiiib  undi^r  wliicli  metHlepeis  takes  place  are  aieii  very 
ooostant.  In  the  dark  chlorine  does  not  uauftlly  act  on  hydrogen  com- 
pounds, but  the  action  commences  under  the  influence  of  light.  The 
direct  action  of  the  sun's  raya  is  particularly  propitious  to  metalepsis. 
It  is  also  remarkable  that  the  presence  of  traces  of  certain  suljHtnnces** 
promotes  the  action  (especially  of  iodine,  aluminiuia  chloride,  antimony 
chloride,  ic).  A  trace  of  iodine  added  to  the  substance  subjected  to 
metalepsis  often  produces  the  same  effect  aa  sunlight.*' 

If  marsh  gas  be  mixed  with  chlorine  and  the  mixture  ignit«(l,  ttien 
the  hydrogen  is  entirely  taken  up  from  the  marsh  gas  and  hydrochloric 
acid  and  carbon  formed,  but  there  is  no  metalepsis.**  But  if  k 
mixture  of  ef|ual  volumes  of  chlorine  and  marsh  gas  be  exposed  to  the- 
action  of  diffused  light,  then  the  gi-eenish  yellow  mixture  gradaally 
becomes  colourless,  and  hydrochloric  acid  anil  the  first  product  of 
metalepsis,  namely,  methyl  chloride,  are  formed  : 

CH^         +        CI:,        =        CH3CI         +  HCl 

BlHrBli  naa.  Chlurino,  Methyl  cUloriiiv.  Hjdtochlorit 

n  Budi  curiem  or  media  Cor  tlie  trontterence  of  cblorine  uid  the  halogouB  in  general 
were  long  kuovrn  to  «iisb  in  iodine  and  nntiDioiiiouii  chloride,  uid  have  Iweu  tncnt  fully 
studied  by  CrutUriiun  ajid  Friedel,  of  the  FettoflBky  Academy — Uio  former  with  respect. 
to  uluminiiun  bromide,  uid  the  ktter  with  reflpect  to  BlnminiDm  chloride.  GaBtaTaaa. 
Bhoved  that  if  u  trace  at  metallic  almniniimi  be  disBotved  in  bromine  (it  floatB  on  bramiae^ 
and  irbcn  combination  takeB  place  mach  heat  and  light  are  erolred),  bbe  latter  becomes 
endowed  irith  the  property  of  entering  into  metalepBia,  which  it  is  not  able  to  do  ol  ila 
own  acsord.  When  pure,  tor  inBtance,  it  acta  rery  slowly  on  bmieaa,  C|Hg,  bnt  in  the 
presanco  of  a  trace  of  aJominiam  bromide  the  reaction  iirooeedg  violently  and  eaBily,  ao  that 
eachdropotthehydrocatbongiveBamaBBof  hydrobromic  acid,  and  of  the  product  otniete- 
lepaia.  OuBtaVBOn  showed  that  the  moitvi  operandi  of  this  InBtmetiTe  reaction  la  bruad 
on  the  property  of  aluminium  bromide  to  enter  into  combination  with  hydrocarbona  sad 
their  derivatives.  The  deUils  of  thia  and  all  renearches  concerning  the  motalepua  oT 
the  hydrocarbons  munt  be  looked  for  in  fforka  on  organic  ohemiiitry. 

"  As  Btnall  adiniitures  of  iodine,  alominiiun  bromide,  ftc,  aid  the  melalepnis  of  Urge 
quantities  of  a  Bubatance.  jast  as  nitric  oxide  aids  the  reaction  of  BDlphunma  anhydride 
on  D>ygen  and  water,  so  the  matter  in  eRsentially  the  aame  in  both  cases.  Effects  of  thi> 
kind  (which  should  also  be  eipUined  by  a  chemical  reaction  proceeding  at  the  HDrfaaea) 
only  diner  from  Iroe  contact  phenomena  in  that  the  latter  are  produced  by  aoiid  bodiea 
and  are  accompliHhed  at  their  surfaces,  whilst  in  the  former  all  in  in  solntion.  Probably 
the  action  of  iodine  i«  founded  on  the  (ormatinn  of  iodine  chloride,  which  reacts  moiB 
easily  than  chlorine. 

*>  Metalepsis  belongH  to  the  number  of  delicate  reaction  a— -if  it  may  be  so  eKpresaed — 
M  oompared  with  the  energetic  reaction  o[  comboBtioD,  Many  cases  of  sobBLitntion  aie 
of  this  kind.  Reactions  of  metalejisis  are  accompanied  by  the  evolnlion  ol  bent,  hut  in  k 
less  rjuantity  than  that  evolved  in  the  formation  of  the  reanlting  qnantity  ol  llie  taaloysB 
auids.    Tims  the  reaction  C:jHa-l-Cli,  =  CjHiCH-HC],  judging  (rom  the  data  given  by 
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The  volume  of  the  mixture  remains  unaltered.  The  methyl 
chloride  which  is  formed  is  a  gas.  If  it  be  separated  from  the  hydro- 
chloric acid  (it  is  soluble  in  acetic  acid,  in  which  hydrochloric  is  but 
sparingly  soluble)  and  be  again  mixed  with  chlorine  then  it  may  be 
.subjected  tu  a  further  metalepsical  eubstitution^the  second  atom  of 
hydrogen  may  be  substituted  by  chlorine,  and  a  liquid  substance 
CH.,Cl.j,  called  methylene  chloride,  will  be  obtained.  In  the  same 
manner  the  substitution  may  be  carried  on  still  further,  and  CHClj,  or 
chloroform,  and,  lastly,  carbon  tetrachloride,  CCl,,  will  be  produced. 
Of  these  substances  the  best  known  is  chloroform,  owing  to  its  being 
formed  in  many  cases  from  organic  substances  (by  the  action  of  bleaching 
powder)  and  to  its  being  used  in  medicine  as  an  anatsthetic;  chlorofom) 
boils  at  62°  and  carbon  tetrachloride  at  7H°,  They  are  both  colourless 
(Mh)rifei'ous  liquids,  heavier  than  water.  The  progressive  substitution 
uf  hydrogen  by  chlorine  is  thus  evident,  and  it  can  be  clearly  seen  that 
the  double  decompositions  are  accomplished  l^etween  molecular  quanti- 
ties of  the  sutjstaiice — that  is,  between  equal  volumes  in  a  gaseous  stat«. 
Chloroform  may  be  obtained  directly  from  marsh  gas,  but  this,  judging 
from  the  above,  will  be  the  third  product  of  the  metalepsis  of  marsh  gas- 
Betwf^en  it  and  marsh  gas  there  are  two  more  intermediate  products, 
and  the  lirst  of  them  is  produced  in  the  action  of  one  molecule  of  marsh 
gas  iin  one  molecule  of  chlorine. 

Carbon  tetracliloride,  which  is  obtained  by  the  metalepsis  of  marsh 
gas,  is  not  obtained  directly  from  chlorine  and  carbon,  but  it  may  be 
obtained  from  certain  compounds  of  carbon^or  instance,  from  carbon 
bisulphide — if  its  vapour  mixed  with  chlorine  be  passed  through  a 
red-hot  tube.  Both  the  sulphur  and  carbon  then  combine  with  the 
chlorine.  It  is  evident  that  by  ultimate  metalepsis  a  corresponding 
carbon  chloride  may  be  obtained  from  any  hydrocarbon — indeed,  the 
number  of  chlorides  of  carbon  already  known  is  very  large. 

As  H  rule,  the  fundamental  chemical  characters  of  hydrocarlxms  are 
not  chiknged  by  metalepsis ;  that  is,  if  a  neutral  substance  be  taken,  then 
the  product  of  metalepsis  is  also  a  neutral  substance,  or  if  an  acid  be 
taken  the  product  of  metalepsis  also  has  acid  properties.  Even  the 
crystalline  form  not  unfrequcntly  remains  unaltered  after  metalepsis. 
The  metalepsis  of  acetic  acid,  CHj-COOH,  is  historically  the  most 
important.  It  contains  three  of  the  atoms  of  the  hydrogen  of  marsh 
^'as,  the  fourth  teing  replaced  by  carboxyl,  and  therefore  by  the  action 
of  chlorine  it  gives  three  products  of  metalepsis  (according  to  the  mass 
of  the  chhirine  and  conditions  under  which  the  reaction  takes  place), 

Tliomseii,  ernlvvH  almut  30000  )ieat  units,  whilit  the  formation  oF  hj^roohlorio  Mid 
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mono-,  di-,  and  trichloracetic  acids— CH.,C1-C00H,  CHC1^<XX)H,  and 
CCla'COOH  ;  they  are  all,  like  acetic  acid,  monobasic.  Without  enter- 
ing into  the  further  description  of  cases  of  like  reaction  (they  must  be 
looked  for  in  organic  chemistry),  it  is  necessary  to  turn  special  attention 
first  to  the  fact  that  in  this  manner  by  an  iyuiirect  nvetJhody  carlxHi 
compounds  (for  instance,  CCI4,  C.JCI4,  CgCl^,,  «kc.)  are  formed,  which 
cannot  be  obtained  directly  from  the  elements,  and  secondly^  that  the 
resulting  products  of  metalepsis,  in  containing  an  element  which  so 
easily  acts  on  metals  as  chlorine,  give  the  possibility  of  attaining  a 
further  complexity  of  molecules  for  which  the  original  hydrocarbon  is 
often  in  no  way  capable.  Thus  on  treating  with  an  alkali  (or  first 
with  a  salt  and  then  with  an  alkali,  or  with  a  basic  oxide  and  water, 
4fec.)  the  chlorine  forms  a  salt  with  its  metal,  and  the  hydroxyl  radicle 
takes  the  place  of  the  chlorine— for  example,  CHs'OH  is  obtained  from 
CH3CI.  By  the  action  of  metallic  derivatives  of  hydrocarbons — for 
instance,  CHgNa — the  chlorine  also  gives  a  salt,  and  the  hydrocarbon 
radicle — for  instance,  CH3 — takes  the  place  of  the  chlorine.  Thus,  or 
in  a  similar  manner,  CHa'CHg  or  CjHe  is  obtained  from  CH3CI  or 
CgHj'CHa  from  CfiH^,.  The  products  of  metalepsis  also  often  react  on 
ammonia,  forming  hydrochloric  acid  (and  thence  NH4CI)  and  an 
amide ;  that  is,  the  product  of  metalepsis  with  the  ammonia  radicle 
NH.2  in  the  place  of  chlorine.  Thus  by  means  of  metalepsical  substitu- 
tion a  methcKl  is  found  in  chemistry  for  an  artificial  and  general  means 
of  the  formation  of  complex  carbon  compounds  from  more  simple 
compounds  which  are  often  totally  incapable  of  direct  reaction. 
Besides  which,  this  key  opened  the  doors  of  that  secret  edifice  of  the 
structure  of  complex  organic  compounds  into  which  man  had  up  to 
then  feared  to  enter,  supposing  it  to  l)e  the  dwelling  of  the  spirits  of 
organisms  under  the  influence  of  whose  magical  force  that  was  united 
which  by  other  means  could  not  be  brought  together.*^ 

**  With  the  predominance  of  the  rejjresentation  of  compound  radicles  (this  doctrine 
dates  from  Lavoisier  and  Gay-Lussac")  in  organic  chemistry,  it  was  a  very  important 
moment  in  its  history  when  it  became  ]K)HsibIe  to  gain  an   insight  into  the  structare  ot 
the  radicles  themiielves.     It  was  clear,  for  instance,  that  ethyl,  C.^Hj,  or  the  radicle  of 
common  alcohol,  C.^Hj'OH,  passes,  without  changing,  into  a  number  of  ethyl  derivatives, 
but  its  relation  to  the  fitill  simpler  hydrocarbons  was  not  clear,  and  occupied  the  attention 
of  science  in  the  '  forties '  and  '  fifties.*     Having  obtained  ethyl  hydride,  C...H5H  =  C^^He,  it 
was  looked  on  as  containing  the  same  ethyl,  just  as  methyl  hydride,  CH4  =  CH3H,  wa» 
considered  as  existing  in  methane.     HaNing  obtained  free  methyl,  CH5CH5  =  C5jHe,  from 
it,  it  was  considered  as  a  derivative  of  methyl  alcohol,  CH^OH,  and  as  only  isomeric  with 
ethyl  hydride.     By  means  of  the  products  of  metalepsis  it  was  proved  that  this  is  not  a 
case  of  isomerism  but  of  strict  identity,  and  it  therefore  became  clear  that  ethyl  is 
methylated  methyl,  C.^H5  =  CHoCH7..     In  its  time  a  still  greater  impetus  was  given  by 
the  study  of  the  reactions  of  monochloracetic  acid,  CH..,C1C00H,  or  CO(CH.,Cl)(OH). 
It  appeared  that  metalepsical  clilorine,  like  the  chlorine  of  chloranhydrides — for  instance 
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It  is  not  only  hydrocarbons  which  ore  subjected  to  metAlepsis. 
Certain  other  hydrogen  compounds,  under  the  action  of  chlorinp,  also 
give  correBponding  chlorine  derivativeG  in  exactly  the  same  manner; 
for  instance,  ammonia,  caustic  potash,  caustic  lime,  and  a  whole  series 
of  alkaline  substant^s.'^  In  fact,  just  as  the  hydrogen  in  marsh  gas 
can  be  replaced  by  chlorine  and  fonn  methyl  chloride,  so  the  hydrogen 
in  caustic  potash,  KHO,  ammonia,  KHj,  and  calcinm  hydroxide, 
CaH^Oj  or  Ca(OH)„  may  be  replaced  by  chlorine  and  give  potassium 
hypochlorite,  KCiO,  calcium  hypochlorite,  CaCljOj,  and  tlie  so-called 
chloride  of  nitrogen,  NCI3.  Not  only  is  the  correlation  in  composition 
the  same  as  in  the  substitution  in  marsh  gas,  but  the  whole  mechanism 
of  the  reaction  is  the  same.  Here,  also,  two  atoms  of  chlorine  act : 
one  takes  the  place  of  the  hydrogen  whilst  the  other  is  evolved  as 
hydrochloric  acid,  only  in  the  former  case  the  hydrochloric  acid  evolved 
remained  free,  and  in  the  latter,  in  presence  of  alkaline  substances, 
the  hydrochloric  acid  formed  reacts  on  them.  Thus,  in  the  action  of 
chlorine  on  caustic  potash,  the  hydrochloric  acid  formed  acts  on 
another  quantity  of  caustic  potash  and  gives  potassium  chloride  and 
water,  and,  therefore,  not  only  KH0+CIj=HCl  +  KC10,  but  also 
KHO  +  HClsHjO-f-KCI,  and  therefore  the  result  of  both  simultaneous 
phases  will  be  2KH0  +  01^=  HjO  4-  KCI  +  KCIO.  We  will  here  enter 
into  certain  special  cases. 

The  action  of  chlorine  on  ammonia  may  either  result  in  the  entire 
breaking  up  of  the  ammonia  with  the  evolution  of  gaseous  nitrogen,  or 
in  a  product  of  metalepsis  (as  with  CH,  and  HjO),  With  an  excess 
of  chlorine  and  the  aid  of  heat  the  ammonia  is  decomposed,  with  the 
disengagement  of  free  nitrogen.*^     This  reaction  is  evidently  accom- 

ol  methyl  chloride,  CHjCl,  or  ethfl  cliloride,  C,U,CI— is  capable  of  snbatitntioD  1  for 
miitaQce,  glycollic  acid,  CH,(OH|(CO,H),  arCO(CH,'OH)|OH),  was  obtained  from  it,  uid 
it  appealed  that  the  OH  in  the  group  CRjIOH)  reacted  Hke  that  in  alcoliols.  uid  it 
bMamo  clear,  therefore,  that  it  waa  JieceBnary  to  eiamine  tlie  radiclen  thenntelvea  by 
nnulytiing  them  from  the  point  of  view  of  the  bonds  connecting  the  constituent  atoms. 
Whence  uone  the  present  doctrine  of  the  structure  of  the  carbon  compaunds,  (See 
Chapter  VIII.  Note  42.) 

only  (.ipUin  the  indirect  formation  of  CCI,.  NC1„  and  Cl.^O  by  one  method,  but  we  also 
Arrive  at  the  (act  that  tlie  reactions  of  the  meUlepsis  of  the  hydrocarbons  lose  that 
eiclusivenesii  which  wan  often  ascribed  to  them.  Also  by  subjecting  the  chemical  repre- 
sentations to  the  law  of  substitution  He  may  foretell  metalepsis  as  a  (lariicular  cane  of  a 

X  Tliis  may  be  taken  advanta^  of  in  the  preparation  of  nitrogen.  If  a  large  eic«s« 
of  chlorine  water  be  poured  into  a  beaker,  and  a  small  quantity  ol  a  solution  of  ammonia 
be  added,  tlieii,  alter  shaking,  nitrogen  is  erolved.  If  chlorine  act  on  a  dilute  wlDtiou 
of  ammonia,  then  the  volume  of  nitrogen  doos  not  correspond  with  the  Tolome  of  the 
chlorine  taken,  because  ammonium  hypochlorite  is  formed.  If  ammonia  gai  be  paued 
through  a  fine  oriHce  into  a  vessel  containing  chlorine,  then  the  reaction  of  tlie  formation 
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panied  by  the  formation  of  sal-ammoniac,  8NH3  +  3Cl2=6NH4Cl-|-N2. 
But  if  the  ammonium  salt  be  in  excess,  then  the  reaction  proceeds  with 
the  replacement  of  the  hydrogen  in  the  ammonia  by  chlorine.  The 
essence  of  the  matter  is  that  NH3  +  3CI2  forms  NCla+SHCL^  The 
resulting  product  of  metalepsis,  or  cJUoride  of  nitrogen^  NCI3,  dis- 
covered by  Dulong,  is  a  liquid  having  the  property  of  decomposing 
with  excessive  ease  not  only  when  heated,  but  even  under  the  actdon 
of  mechanical  influences,  as  by  a  blow  or  the  contact  of  certain  solid 
substances.  The  explosion  which  accompanies  the  decomposition  is  due 
to  the  fact  that  the  liquid  chloride  of  nitrogen  gives  gaseous  products, 
nitrogen  and  chlorine  ;  a  large  volume  of  gas  is  evolved  instantaneously 
and  causes  the  explosion.  It  is  even  dangerous  to  prepare  this  sub- 
stance in  any  considerable  quantity.  Whenever  an  ammoniacal  sub- 
stance comes  into  contact  with  chlorine  great  care  must  be  taken, 
because  it  might  be  a  case  of  the  formation  of  such  products  and  a  very 
dangerous  explosion.  The  liquid  product  of  the  metalepsis  of  ammonia 
may  be  most  safely  prepared  in  the  form  of  small  drops  by  the  action 
of  a  galvanic  current  on  a  slightly  warm  solution  of  sal-ammoniac  ; 
chlorine  is  then  evolved  at  the  positive  pole,  and  this  chlorine,  acting 
on  the  ammonia,  gradually  forms  the  product  of  metalepsis,  which 
floats  on  the  surface  of  the  liquid  (because  it  is  borne  up  by  the  gas), 
and  if  a  layer  of  turpentine  be  poured  on  to  it  these  small  drops,   on 

of  nitrogen  is  accompanied  by  the  emission  of  light  and  the  apx)earance  of  a  cloud  of  sal- 
ammoniac.     In  all  these  instances  there  must  be  an  excess  of  chlorine. 

^  The  hydrochloric  acid  formed  combines  with  auunouia,  and  therefore  the  result  is 
4NH5  +  8Cl.^  =  NCl3  +  8NH4Cl.  Consequently,  more  ammonia  enters  into  the  reaction, 
but  the  metalepsical  aspect  of  the  reaction  in  reality  only  Uvkes  place  with  an  excess  of 
ammonia  in  the  form  of  the  salt.  If  bubbles  of  chlorine  be  passed  through  a  fine  tube 
into  a  vessel  containing  ammonia  gas,  then  each  bubble  gives  rise  to  an  explosion.  If, 
however,  chlorine  l>e  passed  into  a  solution  of  ammonia,  then  the  reaction  first  directs 
itself  towards  the  formation  of  nitrogen,  l)ecau8e  chloride  of  nitrogen  acts  on  ammonia 
like  chlorine.  But  when  sal-ammoniac  begins  to  form,  then  the  reaction  directs  itself 
towards  the  formation  of  chloride  of  nitrogen.  The  first  action  of  chlorine  on  a  solution 
of  sal-ammoniac  always  consists  in  the  formation  of  chloride  of  nitrogen,  which  reacts  on 
ammonia  thus  :  NCl.-»  +  4NH-  =  N..>  +  3NH,Cl.  Therefore,  so  long  as  the  liquid  is  alka- 
line from  the  presence  of  ammonia  the  chief  product  will  be  nitrogen.  The  reaction 
NH4Cl-l-3Cl.j  =  NCl.-,  +  4HCl  is  reversible  ;  with  a  dilute  solution  it  proceeds  in  the  above- 
described  direction  (perhaps  owing  to  the  affinity  of  the  hydrochloric  acid  for  the  excess 
of  water),  but  with  a  strong  solution  of  hydrochloric  acid  it  takes  the  opposite  direction 
(probably  in  virtue  of  the  affinity  of  hydrochloric  acid  for  anunonia).  Therefore  tliere 
must  exist  a  very  interesting  case  of  equilibrium  between  anmionia,  hydrochloric  acid, 
chlorine,  water,  and  chloride  of  nitrogen  which  has  not  yet  been  investigated.  The  re- 
action  NCl.-,+ 4HC1  =  NH^Cl-f  8C1.,  enabled  Deville  and  Hautefeuille  to  determine  the 
composition  of  chloride  of  nitrogen.  When  slowly  decomjwsed  by  water,  chloride  of 
nitrogen  gives,  like  a  chloranhydride,  nitrous  acid  or  its  anhydride  2NCI3  -f-  SH^O 
=  NoO.^  +  6HCl.  From  these  observations  it  is  evident  that  chloride  of  nitrogen  presents 
great  chemical  interest,  which  is  strengthened  by  its  analogy  with  trichloride  of  phos- 
phorus. 
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coming  into  contact  with  the  turpentine,  give  feeble  explosions,  which 
are  in  no  way  dangerous,  owing  to  the  small  mass  of  the  substance 
formed.  The  drops  of  chloride  of  nitrogen  may,  with  great  precaution, 
be  collected  for  investigation  in  the  following  manner.  The  neck  of  a 
funnel  is  immersed  in  a  basin  containing  mercury,  and,  first,  a  saturated 
^solution  of  common  salt  is  poured  into  the  funnel,  and  above  it  a  solu- 
tion of  sal-ammoniac  in  9  parts  of  water.  Chlorine  is  then  slowly 
parsed  through  the  solutions,  when  drops  of  chloride  of  nitrogen  fall 
into  the  salt  water.  It  is  a  yellow  oily  liquid  of  sp.  gr.  1*65,  which 
boils  at  71°,  and  breaks  up  into  N-hClg  at  97°.  The  contact  of  phos- 
phorus, turpentine,  india-rubber,  tkc.,  causes  an  explosion,  which  is 
sometimes  so  violent  that  a  small  drop  will  pierce  through  a  thick 
board.  The  exceeding  facility  of  the  decomposability  of  chloride  of 
nitrogen  is  connected  with  the  fact  that  it  is  formed  with  an  absorption 
of  heat,  which  it  evolves  when  decomposed,  to  the  amount  of  about 
38000  heat  units  for  NCI3,  as  Deville  and  Hautefeuille  determined. 

Chlorine,  when  absorbed  by  a  solution  of  caustic  soda  (and  also  of 
other  alkalis)  at  the  ordinary  temperature  causes  the  replacement  of 
the  hydrogen  in  the  caustic  soda  by  the  chlorine,  with  the  formation  of 
sodium  chloride  by  the  hydrochloric  acid  formed,  so  that  the  reaction 
may  be  represented  in  two  phases,  as  was  described  above.  In  this 
manner,  sodium  hypochlorite,  NaClO,  and  sodium  chloride  are  simul- 
taneously formed  :  2NaHO-|-Cl2=NaCl-hNaC10  +  H20.  Theresultant 
solution  is  termed  *  eau  de  Javelle.'  An  exactly  similar  reaction  takes 
place  when  chlorine  is  passed  over  dry  hydrate  of  lime  at  the  ordinary 
temperature  :  2Ca(HO)2  +  2Cl2=CaCl202  +  CaCL^  -h  2H2O.  A  mixture 
of  the  product  of  metalepsis  and  calcium  chloride  is  obtained.  This 
mixture  is  employed  in  practice  on  a  large  scale,  and  is  termed  *  bleach- 
ing powder,*  owing  to  its  acting,  especially  when  mixed  with  acids,  as  a 
bleaching  agent  on  tissues,  so  that  it  resembles  chlorine  in  this  respect, 
hut  is  preferable  to  chlorine,  because  the  destructive  action  of  the 
chlorine  may  be  moderated  in  this  case,  and  because  it  is  much  more 
convenient  to  deal  with  a  solid  substance  than  with  gaseous  chlorine. 
Bleaching  powder  is  also  called  chloride  of  limey  because  this  substance 
is  obtiiined  from  chlorine  and  hydrate  of  lime,  and  contains  ^^  both 

''^  Quicklime,  CaO  (or  calcium  carbonate,  CaCO^),  does  not  absorb  chlorine  when  cold, 
l)ut  at  a  red  heat,  in  a  current  of  chlorine,  it  forniH  calcium  chloride,  with  the  cvolation 
of  oxygen.  This  reaction  corresponds  with  the  decomposing  action  of  chlorine  on 
metluuie,  ammonia,  and  water.  Slaked  lime  (calcium  hydroxide,  CaH.jO^)  als^,  when  dry, 
(loen  not  absorb  chlorine  at  100'^.  The  absorption  prcx^eeds  at  the  ordinary  temperature 
(below  40').  The  dry  mass  thus  obttiined  contains  not  less  than  three  equivalents 
of  calcium  hydroxide  to  four  equivalents  of  chlorine,  so  that  its  composition  is 
|Ca(HO),2]5Cl4.  In  all  probability  a  simple  absorption  of  chlorine  by  the  lime  at  first 
lakes  place  in  this  case,  as  may  be  seen  from  the  fact  that  even  carbonic  anhydride,  when 
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thesu  substances.  It  luay  Im  prepared  in  the  laboratory  by  passing;  K 
stream  of  chlorine  through  a  cold  mixture  of  water  and  lime  (milk  at 
lime).  Tlie  mixture  must  lie  kept  cold,  as  otherwise  3Ca(C10),  passM 
into  2CiiClj  +  Ca(C10a)2.  In  the  manufncture  of  bleaching  powder  in 
largo  <|Uuntitie.s  at  chemical  works,  the  purest  possible  slaked  lime  is 


taken  and  laid  in  a  thiit  layer  in  large  flat  chambers,  M  (whose  trails 
are  made  of  Yorkshire  flags  or  tnrre<l  wood,  on  whicli  chlorine  has  no 
acti(tn),  and  into  which  chlorine  gas  is  introduced  by  lead  tubes.  The 
distribution  of  the  plant  is  shown  in  the  annexed  drawing  (fig.  68). 

HGtiiiK  III!  till'  ilry  innsH  (ibtuiiicl  hh  iibnvf,  disi'iiKn);!''  all  tlic  chlorine  from  it,  tomiiiii; 
onljr  nili'iniii  carliciiiHti-.  Hut  if  tliK  blpurliiiiK-loiwdiT  be  olitained  by  a  net  method,  or  it 
it  b(]  rlixwitTpd  in  Wiitcr  (it  in  vpry  noiuiJe),  uml  ottHioiiic  Hiiliydride  be  paBKed  into  it, 
than  i^hlorine  JH  iin  loiim'r  diwiiitajHKl,  but  rblnritie  roidv,  CljO,  end  only  half  of  the- 
chloriui!  in  convertfd  into  tliin  nxiile  vbile  liie  ntlier  hull  reinninx  in  Ihp  liquid  fts 
calcium  rhliiridp.  EVnii  thin  it  iniiy  1v  HUppoaed  tliat  cntciam  chloride  in  formed  by  th^ 
Actinii  of  wabiT  on  bhiarliiiitr  powder,  an<l  tbix  in  ]iroved  to  Iw  tlie  tare  by  tlie  fact  that 
<inta1t  ([UuiititieH  of  vcnUr  exlnipt  mneb  rBlcinm  cliloriile  iron)  bleachinfc-pnwder.  It  & 
UtRO  quantity  of  water  net  on  blrarliin^'liowiler  there  rMiiainii  an  eicean  of  calcium 
hydroxide,  a  portion  of  whipli  in  not  Hnliji'ctinl  to  cbanjfe.  Tl>e  aition  of  the  water  mav 
be  ex|ire«M-d  by  tbe  folb.winB  furroolo  :  From  tiw^  >'.iy  iiwa^  Ci^lHO)  jCU  Ui.-ro  i>.  formed 
lime,  Cii(I[0)„  ralciam  rhloriile,  CnCI.,,  nod  a  wtline  miUtance,  CaiCIO),.  CajHaOaCU 
=  CftRjO,;  +  CaCLO,,  +  CaCI..  +  2H.jO.  Tlie  rt^ull  ini;  Bulwlnnwii  are  not  equally  soluble  .- 
water  fir>it  oilracls  the  calriuni  chloride,  wliich  in  Uic  ino»t  soluble,  then  the  compound 
Ca(CIO).„  and  cakium  hydroiide  is  ultimately  left.  A  mixture  of  calcium  cliloride  and 
hypochlorite  pasMw  into  Rolatioii.  On  evaporation  there  remain*  Ca.jO:,Cl„SH,0.  The 
dry  blenchinjr-powdBr  dooH  not  absorb  more  chkiriue,  but  tlw  solution  in  able  to  absorb 
it  in  coUHidernble  quantity.  I(  the  liiiiid  lie  IxHled,  s,  conaiderable  amount  of  chlorine 
monoxide  in  evolved.  After  thin  cnlcinni  chloride  nlone  remniiin  in  Bolntion.  uid  the 
decoinponition  may  be  ejpressoil  a*  follo^-t;:  CaCli  +  CaCl.ja,  +  3Cl.,^9CaCI,  +  aCl,0. 
Gilorioe  monoxide  may  lie  prcpaTcd  in  thin  manner. 

It  in  Komctimef  said  that  l.loochinft-powder  contain-"  a  fubntince.  CafOHljClj.  like- 
Calcium  peroxide.  CaO„  in  which  one  atom  of  oiyEen  ia  replaced  liy  (OSJi.  and  the  other 
by  Ct.j ;  but,  juiltiin);  from  what  haa  been  said  above,  this  con  oidy  lie  admitted  in  the 
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The  products  of  the  metalepsia  of  alkaline  hydrates,  NaClO  &nd 
Ca(C10)i,  which  are  held  in  solutions  of  '  Javelle  salt,'  and  bleaching 
powder  (they  are  not  obtained  free  from  metallic  chlorides),  must  be 
counted  as  salts,  because  their  metals  are  liable  t^  substitution.  But 
the  hydrate  HCIO  corresponding  with  these  salts,  or  hypochlorout 
acid,  is  not  obtained  in  a  free  or  pure  state,  for  two  reasons  :  in  the- 
first  place,  because  this  hydrate,  as  a  very  feeble  acid,  splits  up  (like 
HjCOj  or  HNOj)  into  water  and  the  anhydride,  or  chlorine  monoxide, 
C1./>=2HC10— HjO  ;  and,  in  the  second  place,  because,  in  a  numlwr- 
of  instances,  it  evolves  oxygen  with  great  facility,  forming  hydrochloric 
acid:  HClO=HCl+0.  Both  hypochlorous acid  and  chlorine  monoxide- 
may  be  regarded  as  the  product  of  the  metalepsia  of  water,  because 
HOH  corresponds  with  CIOH  and  ClOCl.  Hence,  in  many  instances, 
bleaching  salts  (a  mixture  of  hypochlorites  and  chlorides)  break  up,^ 
with  the  evolution  of  (1)  chlorine,  under  the  action  of  an  excess  of  a 
powerful  acid,  capable  of  evolving  hydrochloric  acid  from  sodium  or- 
calcium  chlorides,  and  which  is  most  simple  under  the  action  of 
hydrochloric  acid  itself,  because  (p.  456)  NaCl  +  NaCIO+SHCli 
=2NaCH-HCI  +  Cli+HjO;  (2)  oxygen,  as  we  saw  in  Chapter  III. 
(p.  161) — the  bleaching  properties  and,  in  general,  oxidising  action 
of  bleaching  salts  is  based  on  this  evolution  of  oxygen  (or  chlorine) ;. 
oxygen  is  also  disengaged  on  heating  the  dry  salts — for  instance, 
NaCl  +  NaC10  =  2NaCl  +  0  ;  (3)  and,  lastly,  chlorine  monoxide,  which 
contains  both  chlorine  and  oxygen.  Thus,  if  a  little  sulphuric,  nitric,  or 
similar  acid  (in  order  that  hydrochloric  acid  should  not  yet  be  produced)- 
be  added  to  a  solution  of  a  bleaching  salt  (which  has  an  alkaline  reac- 
tion, owing  either  to  an  excess  of  alkali  or  to  the  feeble  acid  properties 
of  HCIO),  then  the  hypochlorous  acid  set  free  gives  water  and  chlorine 
monoxide.  If  carbonic  anhydride  (or  boracic  or  a  similar  very  feeble 
acid)  act  on  the  solution  of  a  bleaching  salt,  then  hydrochloric  acid  is- 
not  evolved  from  the  sodium  or  calcium  chlorides,  but  the  hypochlorous 
acid  is  displaced  and  gives  chlorine  monoxide,^'  because  hypochlorous  ■ 
acid  is  one  of  the  most  feeble  acids  (p.  371).  An  excellent  method  for 
the  preparation  of  chlorine  monoxide  is  based  on  these  feeble  acid  pro~ 
perties  of  hypochlorous  acid.     Zinc  oxide  and  mercury  oxide,  under 

■'^  For  tlib  rea4oii  it  in  iiec^KHary  tliat  in  tlie  formation  of  bleAching  powder  lite  chlorine 
dliould  be  (ref  from  hydrochloric  acid,  uid  even  the  lime  from  calcium  chloride.  An 
■  eicean  of  clilorine,  in  acting'  on  a  nolotion  of  bleach ing.poitder,  may  alw)  give  chlorine- 
chlorine.  This  reaction  may  be  broaght  about  by  treating  freahly-jirecipitated  calciom 
carbonate  with  a  stream  of  chlorine  in  water  :  9C1.2-l-CaCO,^COj  +  CaCL,-l-CL,0-  From 
this  we  may  conclude  tliat,  attboagh  carbonic  anhydride  diiiptaceB  hypocbloroafi  anhy- 
dride, it  may  be  itself  diBplaco<i  by  an  eicena  of  Uie  latter. 
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the  action  of  chlorine  in  the  presence  of  water,  do  not  give  a,  sftlt  of 
hjpochlorous  acid,  but  form  a  chloride  and  hypochloroua  acid,  which 
fttct  shows  tha  incapacity  of  this  acid  to  combine  with  the  given  basee. 
Therefore,  if  such  oxides  as  those  of  sine  or  mercury  be  obaken  up  in 
water,  and  chlorine  be  paasetl  through  the  turbid  liquid, ''  a  reaction 
occurs  which  may  be  expressed  in  the  following  manner  :  2HgO  +  2C1, 
=HgaOC];  +  CljO.  In  this  case,  a  compound  of  niereury  oxide  with 
mercury  chloride,  or  the  so-called  mercury  oxj-chloride,  ia  obtained  : 
Hg,OCls=HgO  +  HgCla.  This  is  insoluble  in  water,and  ia  not  affected 
by  ]iyp>chlorous  anhydride,  so  that  the  solution  wiJl  contain  hypo- 
chlorous  acid  only,  but  the  greater  part  of  it  splits  up  into  the  anhydride 

A  solution  of  hypochloroua  anhydride  is  also  obtained  by  the  notion 
of  chlorine  on  many  salts  ;  for  exumple,  in  the  action  of  chlorine  on  a 
solution  of  Godium  sulphate  the  following  reaction  takes  place : 
Na2SO,  +  H,,0  +  Cl,  =  NaCt-(-HC10  +  NaHSO,.  Hence  here  the 
hypochlorous  acid  is  formed,  together  with  HCl,  at  the  expense  of  the 
reaction  of  chlorine  on  water,  for  Clj  +  HiO=HCl  +  HC10.  If  tlie 
crystal lo- hydrate  of  chlorine  be  mixed  with  mercury  oxide,  then  the 
hydrochloric  acid  formed  in  the  reaction  gives  mercury  chloride,  and 
hypochlorous  acid  remains  in  solution.  A  dilute  solution  of  hypo- 
■chlorous  acid  or  chlorine  monoxide  may  be  concentrated  by  distillation, 
and  if  a.  sutistance  which  takes  up  water  {without  destroying  the  aoid) 
— for  instance,  calcium  nitrate  —be  added  to.  the  stronger  solution 
then  the  auhydri'le  of  hypochlorous  acid — i.«,  chlorine  monoxide— is 
disengaged. 

In  the  bleaching  salts  and  hypochloroua  aalts  which  correspond 
with  chlorine  monoxide  and  contain  the  two  elements  oxygen  and 
■chloi-ine,  which  both  act  in  an  oxidising  manner,  we  see  a  characteristic 
example  of  a  compound  of  elements  which,  in  the  majority  of  coses,  act 
chemically  in  an  analogous  manner.  Chlorine  monoxide,  as  prepared 
'  from  an  aqueous  solution  by  the  abstraction  of  wat«r  or  by  the  action 
of  dry  chlorine  on  cold  mercury  oxide,  is,  at  the  ordinary  temperature, 
a  gas  or  vapour  which  coiidense-s  into  a  red  liquid  boiling  at  +20°  and 
giving  a  vapour  whose  density  {43  referred  to  hydrogen)  shows  thxt 


"  Dry  red  uiercary  oiide  nuts  on  tl 
{ahlarinemonoiide)(BKliinl);  when  miiei 
chlorine,  and  when  treahly  preaipitated 
mercary  which  eii*ily  mid  abnodantly  e' 
ohlorine  in  tlie  presei 


lorine,  (onning  dry  lijjnolilnrnus  anhydride 
with  water,  Tf?d  mercnry  oxide  Juitii  feebly  od 
I  evolves  oxygen 'ood  ulilorine.  An  oxii»  at 
alvee  Dhlarine  monoxide  under  the  KcKon  At 
I  prepiired  OB  IoUowh  :  the  oxide  oi 


precipitated  from  a,  mercuric  siitt  by  lui  tdkali,  is  heated  to  HOD"  uid  cooled  (FelooM),  U 
•  uUc,  HC10,  be  Hdded  to  a  mlation  of  merqurio  luilt,  H);Xj,  then  nercaric  oxids  ia 
liberated,  beoanae  tlie  hypochlorite  ia  decomposed. 
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vols,  of  chlorine  and  1  vol.  of  oxygen  give  2  vols,  of  chlorine 
In  an  anhydrous  form  the  gas  or  liquid  easily  explodes, 
splitting  up  into  chlorine  and  oxygen.  This  exploeiveness  is  determined 
by  the  fact  that  heat  is  evolvrd  in  the  decomposition  to  the  amount  of 
AlKiut  15000  heat  units  for  C1]0.^^  The  explosion  may  even  take  place 
accidentally,  and  also  in  the  presence  of  many  oxidisable  substances 
(for  instance,  sulphur,  organic  compounds,  &c.),  but  the  solution. 
Although  unstable  and  showing  strong  oxidising  properties,  does  not 
g^ive  any  explosion.** 

Hypochlorous  acid,  its  salts,  and  chlorine  monoxide  serve  as  a 
trangitioii  between  hydrochloric  acid,  chlorides,  and  chlorine,  and  a 
■whole  series  of  compounds  containing  the  same  elements  combined 
■with  a  still  greater  quantity  of  oxygen.  The  higher  oxides  of  chlorine, 
«ven  in  their  origin,  are  closely  connected  with  hypochlorous  acid  and 
its  salts ; 

Clj,       NaCl,      HCl,       hydrochloric  acid. 

Cip,    NttClO,    HCIO,    hypochlorous  acid. 

CiPa,  Naao,,  HCIO,,  chlorous  acid.'^> 

C1,0„  NaClO,,  HCIO,,  chloric  acid. 

CljO,,  XaClOi,  HCIO,,  perchloric  acid. 

When  heated,  solutions  of  hypochlorites  undergo  a  remarkable 
■change.     Themselves  so  unstable,  they,  without  the  addition  of  any- 

->  All  eiploiive  Hulntfuicea  are  o(  thia  kind — ozone,  hydrogen  peroiiile,  chloride  ol 
nitrot^ei),  nilro-cuRipounda,  Ice.  Hence  the;  cannot  be  formed  directly  from  Uie  elementa 
-ot  their  nimpleat  componnda,  but,  on  the  oontraiy,  decompose  into  them.  In  *  liquid 
Htate  chlorine  monoxide  even  eiploden  on  contact  with  povdery  snbatiinceii,  or  when 
mpidly  aijitftted— for  inBlance,  if  a  file  be  reaped  over  tlie  veaael  in  wliich  it  in. 

■"■'  A  nolution  of  chlorine  monoiide,  or  hypochlorous  acid,  does  not  eiplode,  owing  to 
the  ptenence  of  tlie  tataa  of  water.  In  diaaolviiiK,  chlorine  monoxide  evolves  aboDt  9000 
heat  unita,  ao  that  ita  atore  of  beat  becomea  lesa. 

The  capacity  of  bypDchlurouH  acid  lor  enterinK  into  combination  with  the  nnnaturaled' 
hydrocarbuna  (Cariua  and  othen)  is  very  often  taken  advanla)^  of  in  organic  cbemietry, 
"Thna  ita  solution  abaorba  ethylene,  forming  tlie  chlorhydrin  C.^HtCl'OH. 

The  oxittiaing  action  of  liyixx'hloroua  acid  and  ita  suite  is  not  only  applied  to  bleaching 
but  alao  to  many  reactions  of  oiidalion.  Thua  it  converta  the  lower  oiidea  of  mauguiese 
into  the  |ierr>iide, 

"  Cklvruut  iir.iil,  HCIO.  (judging  from  the  data  Kiven  by  Millon,  Bcundau.  and 
others)  in  many  respects  riPsemhlcB  hyjioclilorous  oc id  HCIO,  whilst  they  both  dilTertrom 
K^hlaric  and  perchloric  acid*  in  their  degree  ol  nubility,  which  ia  eipresseil,  lor  instance, 
in  their  bleaching  propertiea;  the  two  higher  acida  do  not  bleach,  but  both  the  lower  onea 
<lo  BO  {oxidise  at  the  ordinary  temperature).  On  the  other  hand,  chlorous  add  ia  ana- 
loKOUs  to  nitmua  acid,  HNO.j.  The  anhydride  ot  chlorona  acid,  Cl^Os,  ia  not  known  in  ■ 
pure  state,  but  it  probably  uccara  in  admixture  with  chlorine  dioxide,  CIO,,  which  ia  r^- 
tained  by  the  action  of  nitric  and  aulpliuric  acids  on  a  mixture  ot  potasainm  chlorate  witii 
such  reducing  substances  as  nitric  oiida,  araenioua  oxide,  aagar,  lie.  All  that  ia  at  pra- 
«ent  known  is  that  pure  chlorine  dioxide  CIO:,  {"»  Notes  S»-1S|  is  gradually  oonrertMl 
into  arniiitareof  bypochloroua  and  chloroas  acids  under  the  action  ot  water  (and  alkalis) 
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thing,  yield  two  fresh  salts  which  are  both  much  more  BtAble  ;  on€> 
contains  more  oxygen  than  MCKJ,  the  other  contains  none  at  all. 

3:MC10  =  MCIO3   +   2]MC1 

liyiHK-hloritc         chlorato  chloride. 

Part  of  the  salt — namely,  two-thirds  of  it — parts  with  its  oxygen  ifi 
order  to  oxidise  the  remaining  thinl.'**'     From  an  intermediate  sub- 
stance, RX,  there  proceed  two  extremes,  R  and  RX3,  just   as  from 
nitrous  anhydride?  there  ])roc(»ed  nitric  oxide  and  nitric  anhydride  (or 
nitric   acid):    3N,,():,=X^O. +  4X0.     The  resulting  salt   MClO,  cor- 
responds with  rhlnri'  acid  and    jx»tiissium  chlorate,    KCIO3.       ^^  ^' 
evident  that  a  similar  salt  is  obtained  directly  by  the  action  of  chlorine 
on  an  alkali  if  its  solution  bo  heate<l,  b<?cause  RCK)  will  be  first  formed, 
and  then  RCK),  ;  for  example,  6KHO  +  3Cl.^==KC103  +  5KCl  +  3HjO.. 
Chlorates  are  formed  thus  ;  for  instance,  potassiuin  chlorate^  which  is 

thut  is,  it  a<!tK  like  nitric  {>eroxi(U\  NO,;  (giving  HNO-  and  HNCi),  or  0.6  a  mixed  anhydride^ 
2C:iO..-fH...O--nclO.-, +  11010..,.  Tho  Kilvcr  bait,  AgClO.,,  ia  sparingly  Bolnble  in  water. 
Thu  investigations  of  Ciarzarolli-Thurnlaekh  and  otlierH  seem  to  show  that  the  anhydride^ 
CloO-  dm'B  not  exist. 

^^^  Hydrochlorii:  acid,  which  fonns  an  example  of  coraxmunds  of  thin  kind,  is  a  satu- 
rated substance  which  does  not  combine  directly  with  oxygen,  but  in  which,  neverthelesi, 
a  considerable  quantity  of  oxygen  may  be  inserted  between  the  elements  fonuing  it. 
The  same  may  Ik?  observed  in  a  numVwr  of  other  cases.     Thus,  for  instance,  oxygen  may 
be  added  or  inserted  between  the  elements,  sometimes  in  considerable  quantities,  in  the 
saturated  hydrocarbons ;  for  instance,  in  C-,Hjj,  thre<?  atoms  of  oxygen  produce  an  alcohoU 
glycerin  or  glycerol  C.-HsiOH).'..    We  shall  meet  with  similar  examples  hereafter.     Thi*- 
is  explained  gen«'r«lly  by  regarding  oxygen  as  a  bivalent  element — that  is,  as  capable  of 
combining  with  two  different  elements,  such  as  chlorine,  hydrogen,  Jtc.     On  the  basi«  of 
this  view,  it  niny  be  InserttMl  bftween  each  pair  of  combined  elements;  the  oxygen  will 
then  be  combined  with  one  of  the  elements  by  one  of  its  aflfiuities  and  with  the  other 
element  by  its  other  afhnity.     Tliis  view  does  not,  however,  express  tlie  entire  substance- 
of  the  matter,  even  when  a])])lied  to  the  compounds  of  chlorine.     HjrxKichloroas  acid, 
HOCl — that  is,  hydrochh»ric  aciil  in  which  one  atom  of  oxygen  is  inserted — is,a8weha%-e 
already  seen,  a  substance  of  small  stability;  it  wouhl  therefore  be  expected  that  on  the 
additi<m  of  a  fresh  (juantity  of  oxygen  a  still  less  stable  substance  would  be  obtained, 
because,  a(rcording  to  the  above  view,  the  chlorine   and  hydrogen,  which  form  such  A 
stable  compound  together,  are  then  still  further  removed  from  each  other.   But  it  appear>^ 
that  chloric  and  percldoric  acid,  HCIO3  and  HClOj,  are  much  more  stable  fiubstances. 
Furthermore,  the  addition  of  oxygen  has  also  its  limit,  it  can  only  be  added  to  a  certain 
extent.     If  the  above  representation  were  true  and  n<»t  formal,  then  a  limit  to  the  com- 
bination of  oxygen  could  not  be  looktMl   for.  and  the  more  it  entered  into  one  uninter- 
rupted chain  the  more  stable  would  be  the  resultant  compound.     But  not  more  tlianfonr 
atoms   of  oxygen  can  be  added  to  hydrogen  sulphide,  nor  to  hydrochloric  acid,  nor  to 
hydrog<'n  phoh])hide.     This  pt»culiarity  must  lie  in  the  properties  of  oxygen  itself;  four 
atoms  of  oxygen  s<'em  to  have  the  power  of  forming  a  kind  of  radicle  which  retains  tw(> 
or  several  atoms  of  different  other  substanct?', — for  example,  chlorine  and  hydrogen, 
hydrogen  and  sul])hur,  sodium  and   manganese,  phosphorus  and  metals,  itc,  fonning 
comparatively  stable  compounds,  NaClO,,  Xa.,SOj,  NaMnOi,  Na-PO|.  il'c.    See  Chapter  X. 
Note  1. 
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easily  separated  from  potassium  chloride,  because  it  is  sparingly  soluble 
in  cold  water.'^ 

If  dilute  sulphuric  acid  be  added  to  a  solution  of  potassium  chlorate, 
then  chloric  acid  is  liberated ;  but  it  cannot  be  separated  by  distillation, 
;as  it  is  decomposed  in  the  process.  To  obtain  the  free  acid  sulphuric 
acid  must  be  added  to  a  solution  of  barium  chlorate.^®  The  sulphuric 
acid  gives  a  precipitate  of  barium  sulphate  with  the  barium,  and  free 
chloric  acid  remains  in  solution.  The  solution  may  be  evaporated 
under  the  receiver  of  an  air-pump.  This  solution  is  colourless,  has  no 
smell,  and  acts  as  a  powerful  acid  (it  saturates  sodium  hydroxide, 
<lecomposes  sodium  carbonate,  gives  hydrogen  with  zinc,  <fec.) ;  when 

^7  If  chlorine  be  passed  through  a  cold  solution  of  potash,  then  a  bleaching  com]x>und, 
potassium  chloride  and  hypochlorite,  HCl  +  KCIO,  is  formed,  but  if  it  be  passed  through 
4),  hot  solution  potassium  chlorate  is  formed.  As  this  is  sparingly  soluble  in  water,  it 
•chokes  the  gas-conducting  tube,  which  should  therefore  be  widened  out  at  the  end. 

Potassium  chlorate  is  usually  prepared  on  a  large  scale  from  calcium  chlorate,  which 
is  prepared  by  passing  chlorine  (as  long  as  it  is  absorbed)  into  water  containing  lime,  the 
mixture  being  kept  warm.  A  mixture  of  calcium  chlorate  and  chloride  is  thus  formed 
in  the  solution.  Potassium  chloride  is  then  added  to  the  warm  solution,  and  on  cooling 
H  precipitation  of  potassium  chlorate  is  formed  as  ft  substance  which  is  sparingly  soluble 
in  cold  water,  especially  in  the  presence  of  other  salts.  The  double  decomi>osition  taking 
place  is  Ca(C103)2  +  aKCl  =  CaClQ  +  2KCIO3.  On  a  small  scale  in  the  laboratory  poUssium 
•chlorate  is  best  prepared  from  a  strong  solution  of  bleaching  powder  by  passing  chlorine 
through  it  and  then  adding  potassium  chloride. 

Potassium  chlorate  crystallises  easily  in  large  colourless  tabular  crystals.  Its  solu- 
'bility  in  100  parts  of  water  at  0°=  8  parts,  20°=  8  parts,  40°=  14  parts,  60°=  26  parts, 
80°  =  40  parts.  For  comparison  we  will  cite  the  following  figures  showing  the  solubility  of 
potassium  chloride  and  perchlorate  in  100  parts  of  water:  potassium  chloride  at  0°=28 
-parts, 20°  =  86 parts, 40°=  40  parts,  100°=  67  parts;  potassium  perchlorate  at  0°  about  1 
part,  20^  about  1|  parts,  100^  about  18  parts.  Wlien  heated  potassium  chlorate  melts  (the 
melting  point  has  been  given  as  from  886°-876° ;  according  to  the  latest  determination  by 
Camelley,  869")  and  decomposes  with  the  evolution  of  oxygen,  potassium  perchlorate 
iHiing  at  first  formed,  as  will  afterwards  be  described.  A  mixture  of  potassium  chlorate 
and  nitric  and  hydrochloric  acids  brings  about  oxidation  and  chlorination  in  solutions. 
It  deflagrates  when  thrown  upon  incandescent  carbon,  and  when  mixed  with  sulphur  (<^ 
by  weight)  it  sets  light  to  it,  even  when  struck,  in  which  case  an  explosion  takes  place. 
The  same  occurs  with  many  metallic  sulphides  and  organic  substances.  Such  mixtures 
are  inflamed  by  a  drop  of  sulphuric  acid.  All  these  effects  are  due  to  the  large  amount 
of  oxygen  contained  in  potassium  chlorate,  and  to  the  ease  with  which  it  is  evolved.  A 
mixture  of  two  parts  of  potassium  chlorate,  one  part  of  sugar,  and  one  part  of  yellow 
prussiate  of  potash  acts  like  gunpowder,  but  it  bums  very  rapidly,  and  therefore  bursts 
the^uns,  and  also  it  has  a  very  strong  oxidising  action  on  their  metal.  The  sodium  salt, 
NaC10.-r,  is  much  more  soluble  than  the  potassium  salt,  and  it  is  therefore  more  difficult 
to  free  it  from  80<lium  chloride,  &c.  The  barium  salt  is  also  more  soluble  than  the 
potassium  salt;  0^=  24  parts,  20°=  87  parts,  80°=  98  parts  of  salt  per  100  of  water. 

^  Barium  chlorate,  Ba(C103)2,H20,  is  prepared  in  the  following  way :  impure  chloric 
acid  is  first  prepared  and  saturated  with  baryta,  and  the  barium  salt  purified  by  crystal- 
lisation.  The  impure  free  chloric  acid  is  obtained  by  converting  the  potassium  in  potas- 
sium chlorate  into  an  insoluble  salt.  This  is  done  by  adding  tartaric  or  hydrofluosilicio 
acid  to  a  solution  of  potassium  chlorate,  because  potassium  tartrate  and  potassium  silioo- 
fluoride  are  very  sparingly  soluble  in  water.    Chloric  acid  is  easily  soluble  in  water. 
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heated  alxive  40°,  however,  it  decomposes,  forming  chlorine,  oxygen, 
and  iMjrchloric  acid  :  4HC103=2HC104  +  H20  +  Cl,H-03.  When  con- 
siderably concentrated  the  acid  acts  as  an  exceedingly  ener^getic  oxi- 
diwfr,  so  thiit  organic  8u)>stances,  when  brought  into  contact  with  it, 
burst  into  flame.  Iodine,  sulphurous  acid,  and  similar  substances 
liable  to  oxidation  form  higher  oxidation  products  and  reduce  the 
chliiric  acid  to  hydrochloric  acid.  Hydrochloric  acid  gas  gives  chlorine 
with  chloric  acid  in  the  same  manner  as  it  acts  on  the  lower  acids : 
HC103  4-r)HCI  =  3H,0-f3Cl,. 

By  cautiously  acting  <»n  potassium  chlorate  with  sulphuric  acid,  the 
dioxide  (chloric  perox^ide),  ClO.^,''**  is  obtained  (Davy,  Millon).     This  gas 
is  easily  liquetiod  in  a  freezing  mixture,  and  the  liquid  boils  at  +10**. 
The  vai)Our  density  (about  35  if  H  =  l)  shows  that  the  molecule  of  this 
substance  is  ClO.^.^^     In  a  gaseous  or  liquid  state  it  very  easily  explodes 
(for  instance,  at  60°,  or  by  contact  with  organic  compounds  or  finely 
divided  substances,  cfec),  forming  Cl.^  and  O,  and  it  therefore  in  many 
instances'**  acts  as  an  oxidising  agent,  although  (like  nitric  peroxide) 
it  may  be  itself  further  oxidised.^*'*     In  dissolving  in  water  or  alkalis 
chloric  peroxide  gives  chlorous  and  hypochloi-ous  acids — 2C102  4-2KHO 
=KC103  4'KC10.2  +  H./J — and  therefore,  like  nitric  peroxide,  the   di- 
oxide mayl)e  regarded  as  an  intermediate  oxide  l)etween  the  (unknown) 
anhydrides  of  chlorous  and  chloric  acids  :  4010.2^01203 +  C1205.*'* 

'"'<'  100  grains  of  Kulphuric  ticid  arc  enole<l  in  a  mixture  of  ice  and  salt,  and  15 
)(ruiTi8  of  powdered  potaHMium  clilorate  are  >;radually  added  to  the  acid,  which  is  then 
carefully  diBtilled  at  20'  to  40'-,  the  vapour  j^iveii  off  beinj^  condcuRed  in  a  freezing  mixture. 
l\)ta8Hiuin  perchlorate  is  then  formed:  8KC10-  +  '2H...SOt  =  2KHSO|  +  KC104  +  2C103 
•f  H.jO.  The  reaction  may  result  in  an  explosion.  Calvert  and  DavieH  obtained  chloric 
peroxide  without  the  least  danger  by  heating  a  mixture  of  oxalic  acid  and  potassium 
chlorate  in  a  test  tube  in  a  wattjr-bath.  In  this  case  2KC103  +  8C.^H304aH20 
=  2C.,,HK0 ,  +  2CO,,  f-  2C1()..,  -i-  HH.jO.  The  reaction  is  still  further  facihtated  by  the  addi- 
tion of  a  small  quantity  of  sulphuric  acid. 

*^  By  analogy  with  nitric  peroxide  it  would  be  expected  that  at  low  temijeratures  a 
doubling  of  the  molecule  into  C1...0|  would  take  place,  as  the  reactions  in  wliich  it 
acts  as  the  mixed  anhydride  of  HCIO...  and  HCIO-  point  out. 

*^  Owing  to  the  formation  of  this  chlorine  dioxide,  a  mixture  of  potassinm  chlorate 
and  sugar  is  inflamed  by  a  drop  of  sulphuric  acid.  This  property  was  formerly  made 
use  of  for  making  matches,  and  is  now  sometimes  employed  for  setting  fire  to  explosive 
charges  ))y  means  of  an  arrangement  in  which  the  acid  is  caused  to  fall  on  the  mixture 
at  the  moment  required.  An  interesting  experiment  on  the  combustion  of  phosphorus 
under  water  may  be  conducted  with  chlorine  dioxide.  Pieces  of  phosphorus  and  of 
IKitassium  chlorate  are  placed  under  water,  and  sulphuric  acid  is  p<jured  into  them 
(through  a  long  funnel) ;  thephoRi)horus  then  burns  at  the  exj^ense  of  the  chlorine  dioxide. 

**  Potassium  permanganate  oxidises  chlr)rine  dioxide  into  chloric  acid  (Fiirst). 

*'*  The  euchlorine  obtained  by  Davy  by  gently  heating  i>otassium  chlorat-e  with  hydro- 
chloric acid  is  (Pebal)  a  mixture  of  chlorine  dioxide  and  free  chlorine.  Tlie  liquid  and 
gaseous  chlorine  oxide  (Note  3.'>),  which  Millon  considered  to  be  C1,.0-,  probably  contains 
a  mixture  of  ClO.^,  (vapour  density  8.'5),  Cl.jO-  (whose  vapour  density  should  be  69),  and 
chlorine  (,vaix)ur  density  U5T>),  because  its  vapour  density  was  determined  to  be  about  40. 
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As  the  salts  of  chloric  acid,  HCIO,,  are  produced  by  the  oxidation  of 
the  salts  of  hypochlorous  acid,  so,  ia  a  similar  manner,  the  salts  of  per- 
chloric acid,  HCIO,,  are  produced  by  the  oxidation  of  the  salts  of  chloric 
B.cul,  HClOj.  But  this  is  the  highest  form  of  the  oxidation  of  HCl. 
PercJiloric  aeul,  HCIO,,  is  the  most  stable  of  all  the  acids  of  chlorine. 
When  fused  potassium  chlorate  begins  to  swell  up  and  solidify,  after 
having  parted  with  one-third  of  its  oxygen  ;  then  potassium  chloride 
and  potassium  perchlorat«  are  formed,  2KC103  =  KC104-f-KCl-(-Oi. 

The  formation  of  this  Bait  is  clearly  remarked  in  the  preparation 
of  oxygen  from  potassium  chlorate,  owing  to  the  fact  that  the  potas- 
sium perchlorate  fuses  with  greater  dilliculty  than  the  chlorate,  and 
therefore  appears  in  the  molten  salt  as  solid  grains.  (Under  the  action 
of  certain  acids — for  instance,  sulphuric  and  nitric — potassium  chlorate 
also  gives  potassium  perchlorate.)  It  may  be  easily  purified,  because  it 
is  but  sparingly  soluble  in  water,  although  all  the  other  salts  of  per- 
chloric aciil  are  very  soluble  and  even  effioresce  in  the  air.  It  is  a 
remarkable  fact  that  the  perchlorates,  although  they  contain  morw 
oxygen  than  the  chlorates,  are  decomposed  with  greater  difficulty,  and, 
even  when  thrown  on  ignited  charcoal,  give  a  much  feebler  deflagration 
than  the  chlorates.  Sulphuric  acid  (at  a  temperature  not  below  100°) 
evolves  volatile  and,  to  a  certain  extent,  stable  perchloric  acid  from 
potassium  perchlorate.  Neither  sulphuric  nor  any  other  acid  will 
further  decompose  perchloric  acid  as  it  decomposes  chloric  acid.  Of 
all  the  acids  of  chlorine,  perchloric  acid  alone  can  be  distilled.**  The 
pure  hydrate  HCIO,  *'  is  a  colourless  and  exceedingly  caustic  substance 

'*  If  »  solution  of  chloric  acid,  HCIOj,  ba  flnt  ooDcentnted  over  BOlphnric  «cid  ondar 
the  receiver  of  an  air-pamp  uid  »tterwudi  dtBtilled,  then  chlorine  Mid  oxygen  ue  erolred 
anil  perchloric  acid  fonned:  iHCiOj^UHCIOt+a.j  +  SO  +  H^.  Roacoe  uxordinglr 
tli recti;  decomposed  a  solationof  potassium  chlor&te  by  birdroflaosilicic  acid,  decanted  it 
from  (he  i>recipital<Jorpot>»<>iDmsilicoanoride,K.,SiF,,concentr»led  the  Bolation  of  chloric 
acid.  Hiid  then  dintilled  it,  perchloric  acid  being  then  obtained  ('nee  following  tootnole). 
Thut  chloric  acid  ia  capable  o(  pusing  into  perchloric  acid  is  also  men  from  the  fact  Chut 
potaHKiuni  permanganate  ia  decolorised,  although  slowlj,  by  the  action  of  a  solution  of 
chloric  acid.  On  decomposing  a  solution  of  potasHium  chlorate  by  the  action  of  an  elec- 
tric lurrent,  potoHsiuni  perchlorate  in  obtained  at  the  positive  electrode  (where  the  oiyjjen 
iK  cvolvedl.  Peri'bloric  acid  ix  aluo  (onnod  by  the  action  of  an  electric  current  on  solu- 
tions of  chlorine  ami  chlorine  monoxide.  Perchloric  acid  was  obUined  by  Count  Stadion 
and  altvrwardK  by  Serullas,  and  won  studied  by  Roscoe  and  otlicn. 

"  P«r,;hlorie  acid,  which  h  obtained  in  a  free  state  hy  the  action  o(  .ulpliuric  oi^id  on 
it"  salt*,  may  be  Beparated  from  a  solution  very  easily  liy  distillation,  becauscit  ia  volatile, 
although  it  is  partially  decomposed  by  diatillation.  The  mlution  obtained  after  distilla- 
tion may  lie  concentrated  by  evaporation  in  open  veswlK.  In  the  distillation  theatdation 
reache-  a  tom|>erature  of  200-',  and  then  a  very  constant  liquid  hydrate  of  the  composi- 
tion HCIO,.aH,0  is  obtained  in  the  distillate.  It  this  hydrate  be  mixed  with  sDlphoric 
acid,  it  begins  to  decompose  at  100'^,  but,  neverlheleep.  a  portion  of  the  acid  passes  over 
into  the  receiver  witliout  decomposiug.  forming  a  crj'stalline  hydrate  HCIO„H.;0  which 
melts  at  60°.     On  carefully  heating  this  hydrate  it  breaks  op  into  perchloric  acid,  which 
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which  fumes  in  the  air  and  has  a  ?.p.  gr.  1*78  at  15°  (sometimea, 
lieing  kept  for  some  time,  it  (lect>mp<>ses  with  a  violent  exploeion).  It 
explodes  violently  when  brought  into  contact  with  charcoal,  paper, 
wo<k1,  and  other  organic  substances.  If  a  small  quantity  of  water  be 
added  to  this  hydrate,  and  if  it  be  subjected  to  cold,  then  a  crystallo- 
hydrate,  Cllf<)„H.20,  sepjirates  out.  It  is  much  more  stable,  but  the 
liquid  hydrate  }iC\()^,'2HJ)  is  still  more  so.  The  acid  dissolves  in 
water  in  all  proportions,  and  its  solutions  are  distinguished  for  their 
stability.  *•"  When  ignited  l>oth  the  acid  and  its  salts  are  decomposed, 
with  the  evolution  of  oxygen.*' 

<lifttils  ovf^r  }>elow  liM)  ,  Anrl  iuVt  the  liquid  hy«lrate  HC104,2H.^O.  The  acid  HCIO4  ™»y 
alsTi  W  ohttiined  y)y  a'Min;(  ouH-fourth  part  oi  strong  salphuric  acid  to  potojiftimn  chlonfie, 
siiid  crtr#?fally  distillinj?  and  niil^JHctiii}^  the  rrj'stals  of  the  hydrate  HClO^yltjO  obtained 
in  t\u:  <hHtillat(.>  to  a  fresh  diHtillatioii.  A  lifjiiid  of  the  compodition  HCiOi  tJien  {WSKiI 
over.  IVrchloric  acid,  HC10|,  when  taken  Mjparately,  does  not  distil,  and  i^  decoinpo»ed 
in  dirtiillation  until  the  more  stable  hydrate  H(.'10|,HjO  is  fonned;  tliid  is  decomposed  in 
distillation  int^>  HClOj  and  }iC10|,*2H,.0,  which  latt«;r  hydrate  distila  without  altetutioB. 
This  torms  an  excellent  example  of  the  influence  of  water  on  stability,  and  of  the  pro- 
I»erty  of  chlorine  to  j^'iv*;  comprmnds  of  the  type  CIX7,  of  which  all  the  above  hydrates, 
riO-fOHi,  C10,.<0Hj-,  and  ClOiDH--,  are  membera.  Probably  further  research  will  lead 
U)  the  discovery  of  a  hydrate  (.'llOIi  17. 

^*  Acr-ordinj(  to  Rowoe  the  sp.  jrr.  of  perchloric  ticid  =1'7H'2  and  of  the  hydrate 
HC10,,H.,0  in  a  liquid  -itate  i.'>o  1  lull  ;  hence  a  considerable  contraction  takes  place  in 
the  combination  of  HCIO,  with  }l.<). 

*'  Tlie  dccom])f»sition  of  salts  analoj,'ous  to  p<'>tasMum  chlorate  has  been  more  fully 
studied  in  rerent  yeiir«  by  Potilitzin  and  P.  Frankland.  Professor  Potilitzin,  by  decom> 
posing,  for  cx»im[»le,  lithium  chlorate  LiClO-,  found  1  from  the  <|uantityof  lithium  chloride 
,tnd  oxy^'enj  that  at  first  the  decomi>o-.ition  of  the  fut*ed  salt  (36W-J  is  accomplished 
arcordin^'  to  tlie  equation,  oLiC!10-- 2LiCl- LiC'lO,  - 'iO,  and  that  towards  the  end  the 
remaining' salt  is  decom])osed  thus:  .'iLiClO^- ll^iCl-r  LiC10|-»- IQO.  The  phenomena 
ol»H»'rved  by  Pr)tilitzin  obliged  him  to  admit  tliat  lithium  perchlorate  is  capable  of  de- 
roniiKisin^  simultaneously  with  lithium  chlorate,  with  the  formation  of  the  latter  salt  and 
oxy;:en  ;  and  tliis  was  contirmi-d  V)y  direct  cx|>eriment,  which  showed  that  lithium  chlorate 
is  filways  formefl  in  the  decomposition  of  the  jKjrchlorate.  Potilitzin  turned  particular 
attention  to  the  fact  that  the  decom)>osition  of  potassium  chlorate  and  of  salts  analogous 
to  it,  although  exothermal  (Chapter  III.  Note  12i,  not  otdy  does  not  proceed  by  itself,  but 
requires  time  and  a  rise  of  temiRTature  in  or<ler  to  attain  completion,  which  a^aiii  shows 
that  chemical  equilibria  are  not  expressed  by  the  heat  effects  of  reactions  onlj-. 

P.  Frankland  and  J.  Dingwall  (1mh7i  showed  that  at  448-^  (in  the  vapour  of  sulphur) 
a  mixture  ol  jMitawHium  chlorate  and  poun<hf<l  glass  is  decomposed  almost  in  accordance 
with  thecquaticm  -iKClOs- KCIO,  f  KCl  f  O^,  whilst  the  salt  by  itself  evolves  about  half 
as  much  oxygen,  in  accordance  with  the  equation,  8KCIO5-5KCIO4  +  3KCI  +  2O2.  The 
deromiK)sition  of  iK)tassium  i)erchlorate  in  admixture  with  manganese  i)eroxide  proceeds 
to  completion,  KC10|-K(M-i-2(K.  But  in  decomposing  by  itself  the  salt  at  first  gives 
potassium  chloraUf,  approximately  according  to  the  equation  TKClOj-'iKClOs  +  SKCl 
-t  IIC).,.  Tlius  there  is  now  no  doubt  that  when  potassium  chlorate  is  heated,  the  per- 
ddorute  is  formed,  and  that  this  salt,  in  decomposing  also  with  the  evolution  of  oxygen, 
gives  the  former  salt. 

I  may  further  renuirk  that  the  docomiiosition  of  potassium  chlorate  as  a  reaction 
evolving  heat  from  this  very  reason  easily  lends  itself  to  the  contact  action  of  manganese 
peroxide  and  (»ther  similar  admixtures  ;  for  such  very  feeble  influences  as  those  of  contact 
may  evince  themselves,  as  is  observed  either  in  those  cases  (for  instance,  detonating  gas, 
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On  comparing  chlorine  as  an  element  not  only  with  nitrogen  and 
carbon  but  with  alt  the  other  non-metailic  elements  {chlorine  has  iM> 
little  analogy  with  the  metals  that  a  comparison  would  be  superflunus), 
we  find  in  it  the  following  fundamental  properties  of  the  Imlogens  or 
salt-producers.  With  metals  chlorine  gives  salts  {aucli  as  sodium 
■chloride,  itc.) ;  with  hydcogen  a  very  energetic  and  nionoVMisic  (con- 
taining one  H  in  its  molecule)  acid  HCl,  and  the  same  chloriue  is  able 
by  metalepHis  to  replace  the  hydrogen  ;  with  oxygen  it  forms  oxides  of 
An  acid  character.  These  properties  of  chlorine  are  possessed  by  three 
•other  elements,  bromine,  iodine,  and  fluorine.  They  ai-e  members  of 
■one  natural  family.  Each  representative  has  its  peculiarities,  ite  indi- 
vidual properties,  and  points  of  distinction  in  combination  and  in  the 
free  state — otherwise  they  would  not  l>e  independent  element*;  but 
the  repetition  in  all  of  them  of  the  same  chief  signs  of  tho  family 
enables  one  to  foret«ll  from  one  element  the  properties  of  another, 
and  thus  abbreviates  an  acquaintance  with  all  the  differences  uf  their 
«leTnentary  properties  and  a  Hystemisation  of  the  elements  theinselves. 

In  order  to  have  a  guiding  thread  in  forming  comparisons  between 
the  elements,  attention  must  be  turned  to  those  of  their  properties  and 
signs  in  which  they  differ  miist  from  each  other,  because  it  is  only 
under  this  condition  that  the  comparison  censes  to  be  artilicial.  And 
the  atomic  weighbj  of  the  elements  must  be  counted  as  their  most 
■elementary  properly  ;  it  being  a  quantity  which  is  most  undoubtedly 
■estabhshed,  and  which  act«  in  all  the  manifestaliims  of  the  element. 
The  halogens  are  endowed  with  atomic  weights— 

P  =  19,     Cl  =  35-.i,    Br  =  fO,    1  =  127. 

All  the  properties,  phy&ical  and  chemical,  of  the  elements  and  their 
■corresponding  compounds  must  evidently  be  in  a  certain  dependence 
■on  this  fundamental  point,  if  the  grouping  in  one  fainily  be  natural 
And  we  Bnd  in  reality  that,  for  instance,  the  properties  of  bromine, 
whose  atomic  weight  is  almost  the  mean  between  those  of  iodine  and 
-chlorine,  iwcupy  a  mean  position  between  those  of  these  two  elements. 
The  second  measurable  property  of  the  elements  is  their  equivalence  or 
their  capacity  for  forming  compounda  of  definite  forms.     Thua  carbon 

bydrngen  peiDiide,  kc.),  vlieii  the  reaction  i>  ncoonipuiied  by  the  orolation  □[  hekt,  M 
when  (for  inBt>uioe,H.j4li.i.-c.)  little  heikl  is  kburbed  or  evnlred.  In  thew  CMes  it  ii 
ariduit  lli*t  the  eiinUng  equilibrinm  i«  not  ver;  atkble,  and  thut  a  feeble  nJtei&lioD  in  it 
pioceeding  at  the  BOrtKca  ol  nmtkct  may  snfflce  to  pause  ili  deitmotion.  In  order  to 
conceive  the  tiioilua  opera  niji  of  contact  phenomena,  it  in  enough  to  imagine,  for  initance, 
that  at  the  bordera  of  contact  the  movement  of  the  atomii  in  themoleooles  changai  [rom 
a  cin-ular  lo  Ka  elliptical  path.  Momentary  and  ttauttitory  campoDodB  may  be  formed, 
Jint  their  [ormation  cannot  alter  the  eiplanaUon  of  tlie  phenomena. 
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or  nitrogen  in  this  respect  differs  widely  from  the  halogens.  Although 
the  form  CIO2  corresponds  with  NO.^  and  CO2,  yet  the  latter  is  the 
highest  oxide  of  carbon,  whilst  that  of  nitrogen  is  N2O5,  and  for  chlorine, 
if  there  was  an  anhydride  of  perchloric  acid,  its  composition  would  be 
CI2O7,  which  is  quite  different  from  that  of  carbon.  In  respect  to 
the  forms  of  their  compounds  the  halogens,  like  all  elements  of  one 
family  or  group,  are  perfectly  analogous  to  each  other,  as  is  seen  from 
their  hydrogen  compounds  : 

HF,  HCI,  HBr,  HI. 

It  is  the  same  with  their  oxygen  compounds.  Only  fluorine  does 
not  give  any  oxygen  compounds.  Tlie  iodine  and  bromine  compounds 
corresponding  with  HCIO3  and  HCIO4  are  HBrOg  and  HBrO^,  HIO3 
and  HIO4.  On  comparing  the  properties  of  these  acids  we  can  even 
foresee  the  fact  that  fluorine  will  not  fonn  any  oxygen  compound.  In 
fact,  iodine  is  easily  oxidised — for  instance,  by  nitric  acid — whilst 
chlorine  is  not  directly  oxidised.  The  oxygen  acids  of  iodine  are  com- 
paratively more  stable  than  the  acids  of  chlorine  ;  and,  generally 
speaking,  the  affinity  of  iodine  for  oxygen  is  much  greater  than  that  of 
chlorine.  Here  also  bromine  occupies  an  intermediate  position.  In 
fluorine  we  may  expect  a  still  smaller  aflfinity  for  oxygen  than  in 
chlorine — and  up  to  now  it  has  not  been  combined  with  oxygen.  If 
any  oxygen  compmnd  of  fluorine  be  obtained,  it  will  be  exceedingly 
unstiible.  The  relation  of  these  elements  to  hydrogen  is  the  reverse 
of  the  above.  Fluorine  has  so  great  an  affinity  for  hydrogen  that  it 
decomposes  water  at  the  ordinary  temperature  ;  whilst  iodine  has  so- 
little  affinity  for  hydrogen  that  hydriodic  acid,  HI,  is  formed  with  diflB- 
culty,  is  easily  decomposed,  and  acts  as  a  reducing  agent  in  a  number 
of  cases. 

From  the  form  of  their  compounds  the  halogens  are  univalenf 
elements  with  respect  to  hydrogen  and  aeptivalent  with  respect  to 
oxygen,  if  N  be  trivalent  to  hydrogen  (it  gives  NH3)  and  quinquivalent 
to  oxygen  (it  gives  N2O5),  and  if  C  be  quadrivalent  to  both  H  and  O  as 
it  forms  CH4  and  CO.^. 

As  not  only  their  oxygen  compounds,  but  also  their  hydrogen  com- 
pounds, have  acid  properties,  the  halogens  are  elevients  of  an  exclusively 
acid  character.  Such  metals  as  sodium,  potassium,  barium  only  give 
basic  oxides.  In  the  case  of  nitrogen,  although  it  forms  acid  oxides, 
still  in  ammonia  we  find  that  capacity  to  give  an  alkali  with  hydrogen 
which  indicates  a  less  distinctly  acid  character  than  in  the  halogens. 
In  no  other  elements  are  the  acid  characters  so  strongly  developed  as 
in  the  halogens. 
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Til  describing  certain  peculiarities  characterising  the  halogens,  we 
shall  at  every  step  encounter  a  confirmation  of  the  above-mentioned 
general  relations. 

As  JluoHne  decomposes  water  with  the  evolution  of  oxygen  (which 
fonns  ozone  if  the  temperature  be  not  high),  F.^  +  H2O  =  2HF -f- O, 
therefore  for  a  long  time  all  efforts  to  obtain  it  in  free  state  by  means 
of  meth(Kls  similar  to  those  for  the  preparation  of  chlorine  proved  fruit- 
less. Thus  by  the  action  of  hydrofluoric  acid  on  manganese  peroxide,  or 
by  decomposing  a  solution  of  hydrofluoric  acid  by  an  electric  current, 
either  oxygen  or  a  mixture  of  oxygen  and  fluorine  were  obtained  instead 
of  fluorine.  Probably  a  certain  quantity  of  fluorine  ^*  was  set  free  by 
the  action  of  oxygen  or  an  electric  current  on  inciindescent  and  fused 
calcium  fluoride,  Imt  it  then,  at  the  high  temperature,  acted  even  on 
platinum,  and  was  therefore  absorl)ed,  leaving  only  oxygen.  When 
chlorine  acted  on  silver  fluoride,  AgF,  in  a  vessel  of  natural  fluor  spar, 
CaF.,,  Huorine  was  also  liberated  ;  but  it  was  mixed  with  chlorine,  and 
it  was  impossible  to  study  the  properties  of  the  resultant  gas.  Brauner 
also  obtained  fluorine  by  igniting  cerium  fluoride,  2CeF4  =  2CeF3-f-F.2  ; 
but  this,  like  all  preceding  efforts,  only  showed  fluorine  to  be  a  gas 
which  decomposes  water,  and  is  capable  of  acting  in  a  number  of 
instances  like  chlorine,  but  gave  no  possibility  of  testing  its  properties. 
It  was  evident  that  it  was  necessary  to  avoid  as  far  as  possible  the 
presence  of  water  and  a  rise  of  temperature  ;  this  Moissan  succeeded 
in  doing  in  1886.  He  decomposed  anhydrous  hydrofluoric  acid,  liquefied 
at  a  temperature  of  — 23°  and  contained  in  a  (J-sbaped  tube  (to  which 
a  small  quantity  of  potassium  fluoride  had  been  added  to  make  it  a 
better  conductor),  by  the  action  of  a  powerful  electric  current  (twenty 
Bunsen\s  elements  in  series).  Hydrogen  was  then  evolved  at  the 
negjitive  pole,  and  fluorine  appeared  at  the  positive  pole  (of  iridium 
platinum)  as  a  colourless  gas  which  decomposed  water  with  the  forma- 
tion of  ozone  and  hydrofluoric  acid,  and  combined  directly  with  silicon 
(funning  silicon  fluoride,  SiF^),  boron  (forming  BF3),  sulphur,  &,c.     But 

***  It  is  m«)Ht  likely  that  in  thift  experiment  of  Fremy's,  which  correHiwnds  with  the 
action  of  oxy^'en  on  calcium  chloride,  fluorine  was  Bet  free,  but  that  a  converse  reaction 
also  proceeded,  CaO  +  F...  =  CaF.j -f  O — tliat  is,  the  calcium  distributed  itself  between  the 
oxy«;en  and  fluorine.  MuF,,  wliich  is  capable  of  splitting?  up  into  MnF.j  and  Fo,  is  without 
doubt  formed  by  the  action  of  a  strong  solution  of  hydrofluoric  acid  on  manganese  per- 
oxide, but  under  the  action  of  water  the  fluorine  gives  hydrofluoric  acid,  and  probably 
this  is  aided  by  the  affinity  of  the  manganese  fluoride  and  hydrofluoric  acid.  In  all  the 
efforts  (Davy,  Knox,  Louget,  Fremy,  Gore,  and  others)  made  to  decompose  fluorides 
(those  of  lead,  silver,  calcium,  and  others)  by  chlorine,  there  were  doubtless  also  cases 
of  distribution,  a  portion  of  the  metal  combined  with  chlorine  and  a  portion  of  the  fluorine 
was  evolved;  but  it  is  improbable  that  there  were  pure  results.  Probably  Fremy  obtained 
fluorine,  but  it  was  not  pure. 

II  2 
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the  action  of  fluorine  on  meUls  at  the  ordinary  t«inperatui-e  is  com- 
paratively feeble,  because  the  metallic  fluoride  formed  coats  the 
reninining  mass  of  the  inetala  ;  it  is,  however,  completely  absorbed  by 
iron,  Hydnwarbona  (for  instance,  naphtha),  alcohol,  Ac.,  immediateJy 
absorb  fluorine,  with  the  ffivniation  of  hydrofluoiic  a«id.  Fluorine  when 
mixed  with  hydrogen  easily  explodes  violently,  forming  hydrofluoric 
acid,*' 

Among  the  compounds  of  fluoi'ine  calcium  fluoride,  CaFj,  is  rather 
widely  spread  in  nature  as  fluorspar,""  whilst  cri/oltte,  or  aluminium 
sodium  fluoride,  NajAlF^,  is  found  more  rarely  (in  large  masses  in 
Greenland).  Cryolite,  like  lluor  spar,  is  also  insoluble  in  water,  and 
gives  hydrofluoric  acid  with  sulphuric  acid.  Small  quantities  of  fluorine 
have  also  in  a  number  of  cases  been  found  in  the  bodies  of  animals,  in 
theblood,  urine,  and  bones.  If  fluorides  occur  in  the  lK)diesof  animals, 
they  must  have  been  introduced  by  food,  and  must  occur  in  plants  and 
water.  And  in  reality  river,  and  especially  sen,  water  always  contains 
a  certain,  although  small,  quantity  of  fluorine  compounds. 

*'  Aoconting  to  Mdihmj),  fluorine  is  diHeiiKAged  by  the  Ktion  ot  ui  BlecUio  correnl 
DD  failed  hydrogen  patogtiiuDi  fluoride,  KHP^.  The  prenent  ttaie  o(  chemiol  kmnrleclga 
ia  such  Chat  tile  notiun  of  ou  element  witli  its  propi^rtieii  in  much  more  general  tluui  lbs 
notion  of  that  element  in  the  free  state.  It  isprofii&ble  iind  agreeable  to  learn  Uiat«TBU 
ftnoiine  in  the  free  state  baa  not  sncceeded  in  eluding  experiment  and  research,  Uuit  Ibe 
efforts  to  isolate  it  have  been  crowned  with  suoceaa,  but  tlie  sam  total  d(  the  general 
chemical  data  concerning  fluorine  as  au  elemenl  gain  but  little  bj  this  reeult.  The  giun 
will  be  BugmeuUd,  however,  if  it  be  now  possible  to  auhject  flnorine  tn  a  romp&mtjia 
study  in  relation  Ui  oxygen  uid  dblorine.  There  is  partieular  interest  in  the  idienonuniit 
of  the  distribntioa  of  fluorine  and  oxygen,  or  fluonoe  and  chlorine,  competing  under  dif- 
ferent conditions  and  relations. 

*"  It  is  called  apu'  becaase  it  very  frequently  occurs  a*  crystals  of  n  clearly  lamiOHi 
■tractnre,  and  in  therefore  easily  split  up  into  pieces  bounded  by  planea.  It  is  colled  floor 
■par  becanse  when  used  aaa  Rax  it  renders  ores  fafliblc,  owing  to  its  reacting  with  bUim, 
BiOj-t-aCaFi^SCoO  +  SiF,  1  the  silicnn  fluoride  escapes  as  a  gas  and  the  lime  combines 
with  a  further  quantity  ol  silics,,  and  gives  a  vitreous  slag,  Finer  epor  occurs  in  minaia] 
vtaa  sod  rooks,  oometimes  in  coniiiderable  quantities.  It  always  crystallises  in  the  onbie 
■ystiem,  sometimes  in  very  large  semitronsiiarent  cable  crystals,  which  ore  colonrieaa  or 
of  different  coloars.  It  is  insoluble  in  water.  It  melts  under  the  action  of  heat,  uid 
erystallises  on  cooling.  The  sp.  gr,  in  B],  When  steam  is  psssod  over  incandiWMiit 
floor  spar,  lime  and  hydrofluoric  acid  are  formed :  CaFj  +  HjO  =  CaO  +  flHP,  A  doubts 
deoomposilion  is  a!«a  easily  produced  by  fusbig  floor  spar  with  sodium  or  potiwdtun 
hydroiideu.  or  potash,  or  even  with  their  carbonates ;  the  flnorine  then  passes  over  to  th* 
potassiuni  or  nodinm,  and  the  oxygen  to  the  caluinm.  In  solutiouH— tor  exunpU, 
C«(NOi),-faKP  =  CuFj(precipiUte)  +aKN05  (in  solution)— the  formation  of  oaldum 
Rooride  takes  place,  owing  to  its  very  sparing  solnbility.  UflOOO  ports  of  water  dissolve 
one  part  of  flnor  spar.  Fluorine  in  the  (orm  of  calcium  fluoride  also  enters  into  the 
composition  of  certain  minerals;  but  in  general  the  amount  of  flnorine  in  minerals  is 
inconsiderable.  Apatite  is  a  mineral  whose  chief  mass  consists  of  calcium  pho^hatch 
Apatite*  sometimes  contain  no  fluorine  whatever,  hot  only  chlorine  j  whilst  in  oUmt 
instances  a  certain  amonnl  of  fluorine  enters  into  tlioir  composition,  in  which  UM  lb* 
Atomic  proportion  of  chlorine  is  proportionately  diminished. 
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Hydrofluoric  acid,  HF,  cannot  be  obtained  from  fluor  spar  in  glass 
retorts,  because  glass  is  acted  on  by  and  destroys  the  hydrofluoric  acid. 
It  is  prepared  in  lead  vessels,  and  when  it  b  required  pure,  in  platinum 
vessels,  because  lead  in  reality  also  acts  on  hydroSuoric  acid,  only  very 
feebly  at  the  surface,  and  when  once  a  coating  of  fluoride  and  sulphate 
of  lead  is  formed  there  is  no  further  action.  Powdered  fluor  spar 
and  sulphurii!  acid  evolve  hydrofluoric  acid  (which  fumes  in  the  air) 
even  ut  the  ordinary  temperature,  CaP^  +  HjSO,  =  CftSO,  +  2HF.  At 
1 30°  fluor  spar  is  completely  decomposed  by  sulphuric  acid.  The  acid  is 
then  OTolvedas  vapour,  which  may  be  condensed  by  a  freezing  mixture 
into  an  anhydrous  acid.  The  condensation  is  aided  by  pouring  water 
into  the  receiver  of  the  condenser,  as  the  acid  is  easily  soluble  in  cold 

In  the  liquid  anhydrous  form  hydrofluoric  acid  lx)ils  at  +19°,  and 
its  sp.  gr.  lit  12'8°^0-9849.'*'  It  dissolves  in  water  with  the  evolution 
of  a  considerable  amount  of  heat,  and  gives  a  solution  of  constant 
ixiiliiig  piiint  which  distils  over  at  120°  ;  hence  the  acid  is  able  to 
coniliiiie  with  water.  The  specific  gravity  of  the  compound  is  115,  and 
its  composition  HF,2HjO."  With  an  excess  of  water  a  dilute  solu- 
tion first  <listils  over.  The  aqueous  solution  and  the  acid  itself  must 
be  kept  in  platinum  vessels,  but  the  dilute  acid  may  be  conveniently 
pi'eserved  in  vessels  made  of  various  organic  materials,  such  as  gutta- 
percha, or  even  in  glass  vessels  having  an  interior  coating  of  paraffii 
Hydrofluoric  acid  does  not  act  on  hydrocarbons  and  many  other  sub- 
stances, but  it  acts  in  a  highly  corrosive  manner  on  metals,  glass,  porce- 
lain, and  the  majority  of  rock  substances,'^     It  also  corrodes  the  skin, 

^'  ActorciiiiR  to  Gore,  hydtoflooriciicid  remains  liqnid  when  cooled  to  -Bi°.  Fretuy 
obtaint'd  anhrilronK  hydrofluDric  uid  bjr  deoompOHing  lead  fluoride  at  a  red  heat,  fa; 
hydri>Kim,  or  by  lienting  the  double  sail  HKF„  which  eaiily  crystal lineit  (in  cabeH)  From 
awiliition  of  hydrofluoric  acid,  hall  of  which  hasbeenutuiated  with  potamiiumhydroiide, 
OT  inrUinate. 

"  This  c<impoKitioii  correKpondB  with  the  crj-rtallo-hydraU  HCI,aH.,0.  All  the 
proiiPTtieK  lit  hydrofluoric  aeid  cull  to  mind  thone  of  hydrochloric  acid,  and  Uierelore  the 
coiiiiwrativc  ca>«  with  whirh  hydroflaotic  acid  is  liquefied  lit  boils  at  +  1U°,  hydrochloric 
arid  iiC  —SS'i,  muHt  be  eiplained  liy  a  polymerisation  taking  place  at  low  tcm]>eratureii, 
u.  Hill  be  atlerwards  eiplnii.ed.  H.,F.„  beiiift  lorniefl.  and  tllerefore  in  a  liquid  Htate  it 
dilTcr^  Imni  liydr"<:bloric  acid,  for  which  a  [ihenomenon  of  a  similar  kind  lin.  not  yet  been 

'■'  The  corronive  action  ol  hydrofluoric  acid  on  glaiut  iind  similar  HiltcHoux  compounds 
is  liHHid  upon  the  fact  that  it  acta  on  aiUca,  SiO^,  aa  wu  ahatl  connider  more  fullj  in 
de-u^ribinjc  (bat  compound,  tormina  gaseonH  Hilicon  fluoride,  SiO.,  •-lHF^SiF,i-3H,0. 
Silica,  on  the  other  hand,  forma  llie  binding  <acid)  element  of  k'""  and  of  the  maiw  of 
mineral  Hubxtancea  fonuinH  the  salt*  of  silica.  When  it  is  removed  the  bond  is 
deKtroyrd.  Tbia  in  made  UM  of  in  practice,  and  the  laboratory,  for  etching  deaigni  and 
■calcH.  &(!..  on  Klasa.  In  tiigraFing  on  glau  the  surface  ia  covered  with  a  varnish  cxim- 
|>osed  of  four  ports  of  wax  and  one  port  o(  turpentine.     This  vamiah  ia  not  acted  on  by 
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and  is  distinguisbe<l  by  itj  poisonous  properties,  so  that  in  working  w 
the  acid  b.  strong  draught  must  be  kept  up,  to  prevent  the  possibility 
the  fumes  being  inhtkleil.  The  noik'nietals  do  not  act  on  hydroflua 
acid,  but  all  metals — with  the  exception  of  mercury,  silver,  gold,  a 
platinum,  and,  to  a  certain  degree,  lead — decompose  it  with  the  evoluti 
of  gaseous  hydrogen.  With  bases  it  directly  gives  metallic  fluorid 
and  behaves  in  many  respects  like  hydrochloric  Jwid.  There  are,  ho 
ever,  sevei-al  distinct  individual  differences,  which  are  furthermi 
much  greater  than  those  between  hydrochloric,  hydrobromic,  a 
hydriodic  acids.  Thus  the  sih'er  compounds  of  the  latter  are 
soluble  in  water,  whilst  silver  fluoride  is  moderately  soluble.  Calcii 
fluoride,  on  the  contrary,  is  insoluble  in  water,  whilst  calcium  chlori< 
bromide,  and  iodide  are  not  only  soluble,  but  attract  water  with  gri 
enei^y,  owing  to  which  gases  are  frequently  dried  by  passing  thi 
over  calcium  chloride.  Neither  hydrochloric,  nor  hydrobromic,  i 
hydriodic  acid  acts  on  sand  and  glass,  whilst  hydroSuoric  acid  corroc 
them,  forming  gaseous  silicon  Suoride.  The  other  halogen  acids  oi 
form  normal  salts,  KCI,  NaCl,  with  Na  or  K,  whilst  hydrofluoric  at 
gives  acid  salts,  for  instance  HKF^  (and  by  dissolving  KF  in  liqi 
HF,  KHF^SHF  is  obtained).  This  latter  property  is  in  close  conra 
tion  with  the  fact  that  at  tbe  ordinary  temperature  the  vapour  densi 
of  hydrofluoric  acid  is  nearly  20,  which  corresponds  with  a  formi 
HjFj,  OS  Mallet  (1881)  showed  ;  but  a  depolynierisation  occurs  with 
rise  of  temperatui-e,  and  the  density  approaches  10,  which  answers 
the  formula  HF.'" 

The  analogy  between  chlorine  and  the  other  two  halogens,  bromi 

hydrofluoric  afi<l,  luicl  it  in  noft  enough  to  uUow  (leBigimbemi;  drawn  upon  it  whose  lir 
lay  bare  the  glaHs.  Tii8  arnHing  is  made  with  a  uteel  point,  and  the  g\am  is  afterww 
1^  in  a  lead  trough  in  which  a  mixture  nt  fluor  «par  and  HQlphnric  acid  i»  plao 
The  Btdphuric  acid  must  be  tuken  in  considerable  excens.  as  oUierwiiie  traiiRpsreiit  lii 
are  obtained  (onintf  lo  the  furmation  of  liyilrofluoxilicric  acid).  Atler  being  exp« 
lor  some  time,  the  varnish  is  remOTed  (melted),  and  tlie  deHign  drawn  by  the  sb 
point  in  found  reproduced  in  dull  linen.  Tlie  drawing  may  be  also  made  by  Uie  din 
application  of  a  mixture  of  a  silieofluoricle  and  sulphuric  acid,  which  fornia  hydrofloo 
acid.  In  (lie  laboratory  a  aolnCion  of  hydrofluoric  acid  or  its  tumex  is  employed  I 
decomposing  eihceouB  HUbatancen  which  are  insoluble  in  ordinary  acids,  or  else  Cliey  ■ 
fused  with  the  salts  KHF^  or  MH,F. 

>*  Mallei  (IMBl)  deteruiiiicd  the  denHity  nt  30°  and  lOO",  previons  to  which  G( 
(1MB)  had  determined  the  vapour  Jen-ity  at  10U-,  whilst  Thoq*  Mid  Hambly  (ItM 
made  fourteen  del«nuinationH  between  211°  and  US-,  and  showed  that  within  this  limit 
temperature  the  density  gradually  climinishea,  just  like  the  vapour  of  acetic  ae 
Tlie  capacity  of  HF  to  polymerise  into  HjFj  is  probably  connected  with  the  propei 
of  many  fluorides  of  forming  acids  with  HF— tor  example,  KHP,  and  H,SiPj.  \ 
saw  above  that  HCl  has  the  aame  properly  (forming,  tor  insUnco,  HjPtCl,,  Ac,  p.  45 
and  lience  this  property  of  hydrofluoric  acid  does  not  aland  isolated  from  the  properti 
of  the  other  halogens. 
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and  iodine,  is  much  more  perfect.  Not  only  have  their  hydrates  or 
halogen  acids  much  in  common,  but  they  themselves  resemble  chlorine 
in  many  respects,''*  and  even  the  properties  of  the  corresponding 
metallic  compounds  of  bromine  and  iodine  are  very  much  alike.  Thus 
the  chlorides,  bromides,  and  iodides  of  sodium  and  potassium  crystallise 
in  the  cubic  system,  and  are  soluble  in  water ;  the  chlorides  of  calcium, 
aluminium,  magnesium,  and  barium  are  soluble  in  water,  like  the 
bromides  and  iodides  of  these  metals.  The  iodides  and  bromides  of 
silver  and  lead  are  sparingly  soluble  in  water,  like  the  chlorides  of 
these  metals.  Besides  which  even  the  oxygen  compounds  of  bromine 
and  icnline  present  a  very  strong  analogy  to  the  corresponding  compounds 
of  chlorine.  A  hypobromous  acid  is  known  corresponding  with  hypo- 
chlorous  acid.     The  salts  of  this  acid  have  the  same  bleaching  pi*operty 

^^  For  iiiHtance,  the  experiment  with  Datch  metal  foil  (Note  16)  may  be  made  with 
bromine  juHt  as  well  as  with  chlorine.  A  very  instructive  experiment  on  the  direct  com- 
bination of  the  halogens  with  metals  may  be  made  by  throwing  a  small  piece  (a  shaving)  of 
aluminium  into  a  vessel  containing  liquid  bromine  ;  the  aluminium,  being  lighter,  floats 
on  the  bromine,  and  after  a  certain  time  retiction  sets  in  accompanied  by  the  evolution 
of  heat,  light,  and  fumes  of  bromine.  The  incandescent  piece  of  metal  moves  rapidly 
over  the  surface  of  the  bromine  in  which  the  resultant  aluminium  bromide  is  dissolved. 
It  was  in  this  manner  that  Gustavson  prepared  that  mixture  of  bromine  and  aluminium 
bromide  which  reacts  by  metalepsis  with  the  greatest  ease  in  those  cases  when  bromine 
by  itself  is  not  able  to  bring  about  metalepsis,  or  else  only  acts  very  slowly,  as,  for 
instance,  with  benzene,  C^H^.  When  drops  of  this  hydrocarbon  are  added  to  bromine 
containing  aluminium  bromide,  they  immediately  give  a  mass  of  hydrobromic  acid  and 
of  the  product  of  metalepsis.  Gustavson  showed  that  the  cause  of  this  facility  of 
reaction  must  be  looked  for  in  the  capacity  of  aluminium  bromide  to  form  an  unstable 
compound  with  the  products  of  reaction  which  are  formed*  For  the  sake  of  comparison 
we  will  proceed  to  cite  several  thermochemical  data  (Thomsen)  for  analogous  actions  of 
(1)  chlorine,  (2)  bromine,  and  (8)  iodine,  with  respect  to  metals;  the  halogen  being 
expressed  by  the  symbol  X,  and  the  sign  plus  connecting  the  reacting  substances.  All 
the  figures  are  given  in  thousands  of  calories,  and  refer  to  molecular  quantities  in 
grams  and  to  the  ordinary  temperature : — 


1 

2 

3 

K.,  +X, 

211 

191 

160 

Ndo  +  Xj 

195 

172 

138 

Agi  +  X, 

5« 

45 

28 

Hg,  +  X, 

83 

68 

48 

Hg+Xa 

63 

51 

34 

Ca  +X2 

170 

141 

— 

Ba  -f  X2 

195 

170 

— 

Zn  +X2 

97 

76 

49 

Pb  +X2 

83 

64 

40 

Al  +X3 

161 

120 

70 

We  may  remark  that  the  latent  heat  of  vaporisation  of  tlie  molecular  weight  Brj  isabont 
7*2,  and  of  iodine  6*0  thousand  heat  units,  whilst  the  latent  heat  of  fusion  of  Brg  is  about 
0'8,  and  of  I3  about  3*0  thousand  heat  units.  From  this  it  is  evident  that  the  difference 
between  the  amounts  of  heat  evolved  does  not  depend  on  the  difference  in  physical  state. 
For  instance,  the  vapour  of  iodine  in  combining  with  Zn  to  form  Znl|  would  give 
48  +  8  +  3,  or  about  sixty  thousand  heat  units,  or  1^  times  less  than  Zn  +  Cl^. 
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lie  the  salts  of  hypochlomus  acid.  The  higlier  oxygea  acids  of  todinc-, 
bromine,  and  chloi-ine  are  closely  analogous  to  each  other.  Iixjice  was 
discuvered  in  1811  by  Courtoia  in  kelp,  and  was  soon  investig&t«d  by 
Clement,  GBy-Lnssac,  and  Davy.  Bromine  was  discovei'ed  in  1826  by 
Balard  in  the  mother  Jiijuor  of  aea,  water. 

Bromine  and  iodine,  like  chlorine,  occur  in  sea  water  in  combina^ 
tion  with  metals.  However,  the  iimount  of  bromides,  and  especially 
of  iodides,  in  sea  water  is  so  small  that  their  presence  can  only  be 
discovered  by  means  of  sensitive  reactions. ■''■  In  the  extraction  of  salt 
from  sea  water  the  bromides  remain  in  the  motiier  Uquor,  and  can  b© 
obtained  therefrom  ;  this  method  is,  however,  rarely  employed  on  a. 
large  scale,  as  other  and  richer  sources  are  known  for  the  extraction  of 
this  substance.  Iodine  and  bromine  also  occur  combined  with  silver,  in 
admixture  with  silver  chloride,  as  a  rare  ore  which  is  mainly  found  in 
America.  Certain  mineral  waters  (those  of  Kreuznach  and  Scbonebeck^ 
contain  metallic  bromides  and  iodides,  always  in  admixture  with  an. 
excess  of  sodium  chloride.  Those  upper  strata  of  the  Stassfurt  rock 
salt  (Chapter  X.)  which  are  a  source  of  potassium  salts  also  contain 
metallic  bromides,'''^  v^tiich  collect  in  the  mother  liquors  left  after  the 
crystallisation  of  the  potassium  salts;  and  this  now  forms  the  cbittf 
source  (together  with  certain  American  springs)  of  the  bruniine  in 
common  use.  Bromine  may  be  easily  liberated  from  a  mixture  of 
bromides  and  chlori'les,  owing  to  the  fact  that  chlorine  displaces 
bromine  from  its  compounds  with  sodium,  magnesium,  calcium,  &c.  A 
oolouriess  solution  of  bromides  and  chlorides  turns  an  orange  colour 
after  the  pa.ssage  of  chlorine,  owing  to  the  disengagement  of  bromine.** 
Bromine  may  be  extracted  on  a  large  scale  by  a  similar  method,  but  it 

"  One  litre  iit  nei.  water  uouUJtiH  nbuut  30  gnuiui  df  clilorintt,  and  about  0'V7  gnua* 
of  lirouiioe.     Tbo  De&d  Sea  vtitituiiiii  nboat  ten  tinuni  an  mucb. 

"  But  (here  is  no  iodine  iii  StUBiiIiirt  cnmaUiCe. 

^  The  ehlorine  maul  not,  however,  be  in  hiTKe  exc:«s«,  hh  atheiwiie  the  faFomuM' 
would  GOiitain  chlarine,  CommerdBl  bromine  Dot  unlreqaentlj  contaiiu  chlorine,  ks 
btominu  i*loriile ;  thin  is  more  soluble  in  wotec  than  bromine,  which  may  thus  be  Eraod 
from  it.  To  obtain  pure  bromine  the  commercial  bromine  U  waabed  with  water,  dried 
by  aalpbnric  acid,  (mil  digtilled,  the  portion  coming  over  at  W  heiuK  collected;  the 
greater  part  in  then  converted  into  potasaiuni  bromide  and  diasolvod,  and  the  ns 
mainder  is  added  to  the  eolation  in  order  to  wpatate  iodiae,  which  is  rtunoved  by 
■hailing  with  carbon  bisulphide.  By  heatiDK  the  putaasium  bromide  than  obUined  wilh 
miuiganeiie  peroxide  and  aulpburic  acid,  bromine  is  obtained  ijaite  free  imm  iodine* 
which,  however,  is  not  present  in  certain  IcindH  of  comtuercial  bromine  (the  StaaKfurt. 
toi  inataneel.  By  treatment  with  potaah.  the  bromine  is  tliim  cunverted  into  a  mixttuv 
of  potasaiam  bromide  and  bronintu,  and  the  mixture  (whii-li  ia  in  the  proportion  given  in 
the  equation)  ia  distilled  with  aulphncic  acid,  bromine  being  tlien  evolved ;  EKBr  +  KBrOi 
+  aa,30,-<JKHSOi  +  8H,0-faBr,.  Alu-T  di»w.lTin|{  the  bromine  in  n  ntjimg  w>Iu(iaB 
of  talciotn  bromide  and  precipitating  with  an  exceaa  of  water,  it  loses  all  the  chlorine  i<t 
containwl,  becMuan  chlDrine  form*  calcium  cliloride  with  CaBr,. 
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b  Binipler  to  add  a  small  quantity  of  manganese  peroxide  and  sulphuric 
acid  to  the  mother  liquid  direct.  This  sets  free  a  portion  of  the  chlorine, 
and  this  chlorine  liberat«s  the  bromine.  Bromine  is  a  dark  brount 
liqui'l,  giving  brown  fumes,  and  having  a  poisonous  suffocating  smell, 
from  wlience  its  name  (from  the  Greek  ppStfui^,  signifying  evil  smelling). 
The  vapour  density  of  bromine  shows  that  its  molecule  is  BCj.  In  the 
cold  l>roniine  freezes  into  brown-grey  scales  like  iodine.  The  melting 
point  of  pure  bromine  is  —  T'OS","  The  density  of  liquid  bromine  at  0° 
is  3-187,  and  at  15"  about  3-0.  The  boiling  point  of  bromine  is  about 
fiQ-l°  ;  it  is  generally  purified  by  distillation.  Bromine,  like  chlorine,  is 
soluble  in  water ;  1  part  of  liromine  at  5°  requires  27  parts  of  water, 
and  at  15°  29  parts  of  water.  The  aqueous  solution  of  bromine  ia  of 
an  orange  colour,  and  when  cooled  to  —2°  yields  crystals  containing  10 
molecules  of  water  to  1  molecule  of  bromine.*"     Alcohol  dissolves  a 

"  Thure  limi  long  eliated  a  difference  ol  opinion  us  to  tlia  meltinR  point  o(  pure 
broiiiint.  Bj-soraelRegnnnlt,  Pierre)  it  WBB  given  as b*Ween  -7*  and -(t'.andby  otliera 
(Buliird,  Liebig.  Quincke,  Bnumlianer)  as  betH-eeii  -  UlPand  -i^".  Thereia  now  no  doubt, 
thanks  more  especially  to  the  rencarcliea  of  Bamsay  and  Yoang  (18HS),  tlial  pore  bromine 
mell*  at  about  -7^.  Thi a  figure  IB  not  only  eHtabliehed  by  direct  eiperimenl  (Van  der 
I'lanln  tunfinned  it)  but  also  by  mewm  ol  tlie  determination  ol  the  vapour  tensions.  For 
Bolid  bromine  the  vapour  tension  ji.  iu  mm.  at  t  was  foond  to  be — 

j/=        30  S5  80  85  40  45  mm. 

/=    -16'6"  -14=  -ia°  -10"  -  8-6"         -   7" 


For  liquid  bi 


*0-*°  610°  58-7° 


lese  cun'CH  intersect  at  — 7-05.  Besides  which,  in  comparing  the  vapour  tension  of 
liquids  (for  eiample,  those  given  in  Chapter  II.  Xote  97),  Ramsay  and  Young 
,-ed  that  tlie  ratio  of  the  absolute  temperatures  (2  +  373)  corresponding  with  equal 
II  I'liriri  for  every  pair  of  substances  in  rectilinear  proportion  in  dependence  uponf, 
here  fore,  for  tlie  sbovE  preSBUreji,  Ramsay  and  Young  determined  the  ratio  of 
}  for  water  and  bromine,  and  found  that  the  straight  lines  eipreuing  these  ratios 
uid  and  solid  bromine  intersect  nleo  at  705° ;  thus,  for  eiample,  for  solid  bromine — 

p-  ao  35  80  85  40  45 


wh<-roci!<  theratioof  U7Sf  1^' to37Si-f.  The  magnitude  of  r  is  evidently  expressed  with 
KTeatnccnracyhy  the  straight  line  c<^  1-1703  + U'OOlir.  In  exactly  the  same  way  we  find 
the  ratio  lor  liquid  bromine  and  water  to  be  f|  =  llSB5  + 000057/.  The  intarsection  of 
these  straight  tines  in  (act  corresponds  with  —700',  which  again  conflnns  the  melting 
laiiiit  given  above  for  bromine.  In  this  manner  it  ia  possible  with  the  eiisling  "lore  of 
data  Ic)  accurately  establish  and  veri/g  the  melting  point  ol  suhstancea.  Ramsay  and 
Youu);  established  the  thermal  constants  ol  iodine  by  exactly  the  same  method. 

to  Tlie  ohseiratious  made  by  Patemo  and  Nasini  (by  Raonlt's  method,  Chapter  I. 
Note  49)  on  the  temperature  of  the  formation  ol  ice  (-1*118°,  with  1-801  grams  ol  bnuaiiMi 
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^rfisitf-r  /juantity  of  bromine,  and  ether  a  still  greater  amocmt.  Bos 
iiher  a  certain  time  prrxlucts  of  the  action  of  the  bromine  on  thew 
'jrganic  suFiHtances  are  formed  in  the  solutions.  Aqaeoas  solatMXis  t^l 
the  bromides  also  aW>rb  a  large  amount  of  bromine. 

With  rr^fject  U}  iodine,  it  is  almost  exclusively  extracted  fn^n  the 
mother  liquors  after  the  crystallisation  of  natural  Si^jdium  nitrate  (Chili 
Haltfjf;tre;  and  the  ashes  of  the  sea- weed  cast  upon  the  shores  of  FraDce, 
Great  Britain,  and  Sjjain,  sometimes  in  considerable  quantities,  by  the 
high  tid^rs.  The  majority  of  these  sea-weeds  are  of  the  genera  Fucn*^ 
Laminarin^  <i:c.  The  fu.sfi<l  ashes  of  these  sea-weeds  are  called  *  kelp ' 
in  Scotland  anrl  ^  varec '  in  Normandy.  A  somewhat  considerable 
quantity  of  irxline  is  contained  in  these  sea- weeds.  After  being  burnt 
{or  MuVije^.-tefl  to  drj'  distillation)  an  ash  is  left  which  chiefly  contains 
salts  of  ]^iUissium,  so^Iium,  and  calcium.  The  metals  occur  in  the  sea- 
'w^'A'A  as  splits  of  organic  acids.  On  }»eing  burnt  these  organic  salts  are 
deryimjKm^'d,  forming  carVx)nates  of  potassium  and  sodium.  Hence, 
fforJiuin  carlioriat^;  is  found  in  the  ash  of  sea  plants.  The  ash  is  dissolved 
in  hot  water,  and  on  evaporation  sodium  car)K>nate  and  other  salts 
«eparat*f,  but  a  f>ortion  of  the  substfinces  remains  in  solution.  These 
mother  lirjuors  left  after  the  separation  c>f  the  sodium  carbonate  contain 
chlorine,  bromine,  and  iodine  in  combination  with  metals,  the  chlorine 
and  irxline  Ixdng  in  excess  of  the  brr>niine.  1 3000  kilos,  of  kelp  give 
aUmt  1000  kilos,  of  sodium  carl>onate  and  1.")  kilos,  of  iodine. 

TIm;  liUjratioij  of  the  icKline  from  tlie  mother  liquor  is  accomplished 
with  comparative  fjase,  l)ecause  chlorine  disengages  iodine  from  potas- 
«ium  i<Klide  and  its  other  combinations  with  the  metals.  Xot  only 
chlorine,  liut  alsf^  sulphuric  acid,  lil>ei*ates  iodine  from  sodium  iodide. 
Sulphuric  acid,  in  acting  r>n  an  iwlide,  sets  hydriodic  acid  free,  but  the 
latter  easily  decomposes,  especially  in  the  presence  of  substances  capable 
of  frvolving  oxygen,  such  as  chromic  acid,  nitrous  acid,  and  even  ferric 
splits. *''     Owing  to  its  sparing  solubility  in  water,  the  iodine  liberated 

in  KH)  jp-iiiMHof  Wrtt^Tj  in  an  >u{n(M)i]K  solution  of  bniniine,  sliowed  that  bromine  is  contained 

in  Holnt.ionH  mm  tlio  niol<M:iilf  Br^,     Siniihir  exi>eriTnentK  conductwl  on  iodine  show  thAt 

th#!  niob'cnl*'.  in  cJiff#;rent  H<^jlv**nts  iK  of  different  cf)nij)lexity. 

H.  K^K)z*;lKH)ni  investij^nitfd  tlio  li>vlrat«?  of   bromine  as  completely  as  the  hydrate  of 
^rhlorine  ^Not^n  U,  10).    The  teniiK-rature  of  the  complete  decom(K)sition  of  the  hydrate  is 

■f  «-2  ' ;  the  (lennity  of  Br^.loH/J  - 1'41). 

*'   In  tjeneral,  2HI  — 0  =  1^+  H.^O,  if  the  oxygen  pnK.eed  from  a  subsUmce  from  which 

it  in  easily  evolved.  For  thin  reason  compounds  corresiKjnding  with  the  higher  stages  of 
<jxidation  f>r  chlorinati<m  fre<inently  give  a  lower  j^tage  when  treated  with  hydriodic  acid. 

Ferric  oxide,  Fe..,(^-,  is  a  higher  oxide,  and  ferrous  oxiilo,  FeO,  a  lower  oxide;  the  former 
<:orresjK»n<lH  with  FeX-,  and  the  latter  with  FeX.>,  and  this  passage  from  the  higher  to  the 
lower  takes  place  under  the  axrtion  of  hydriodic  acid.  Thus  hydrogen  peroxide  and 
<»zfme  (Chapter  IV.j  are  able  to  liberate  iodine  from  hy<lriodic  acid.  Compounds  of  copper 
oxide,  CuO  or  CuX.^,  give  compounds  of  the  suboxide  Cu^O,  or  CuX.  Even  sulpharic  acid. 
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separates  as  a  precipitate.  To  obtain  pure  iodLae  it  is  enough  to  distil 
it,  and  neglect  the  first  and  last  portions  of  the  distillate,  the  midtlle 
portion  only  being  collected.  Iodine  passes  directly  from  a  state  of 
vapour  into  a  crystalline  form,  and  settles  on  the  cool  portions  of  the 
apparatus  in  tabular  crystals,  having  a  black  grey  colour  and  metallic 
lustre.''* 

The  specific  gravity  ot  the  crystals  of  iodine  is  i-9t).  It  melts  at 
1 1 4°  and  boils  at  184°,  Its  vapour  is  formed  at  a  much  lower  tempera- 
ture, and  is  of  a  violet  culour,  from  whence  iodine  receives  its  name. 
The  smell  of  iodine  calls  to  mind  the  characteristic  smell  of  hypochlorous 
acid  ;  it  has  a  sharp  sour  taste.  It  destroys  the  skin  and  organs  of  the 
body,  and  is  therefore  frequently  employed  for  cauterising  and  as  an 
irritant  for  the  skin.  In  small  quantities  it  turns  the  skin  brown,  but 
the  coloration  disappears  after  a  certain  time,  partly  owing  to  the 
volatility  of  the  iodine.  Water  dissolves  only  ,,n'io  P*rt  of  iodine.  A 
brown  solution  is  thus  obtained,  which  bleaches,  but  much  more  feebly 
than  bromine  and  chlorine.  Water  which  contains  salts,  and  especially 
iodides,  in  solution  dissolves  iodine  in  considerable  quantities,  and  the 
resultant  solution  is  of  a  dark  brown  colour.  Pure  alcohol  dissolves  a 
small  amount  of  iodine,  and  in  so  doing  acquires  a  brown  colour,  but 
the  solubility  of  iodine  is  considerably  increased  by  the  presence  of  a 
small  quantity  of  an  iodine  compound — for  instance,  ethyl  iodide — in  the 
alcohol.*^     Ether  dissolves  a  larger  amount  of  iodine  than  alcohol ;  but 

which  corTeHpondM  to  the  higher  atoge  SO,,,  is  able  to  act  thus,  forming  the  lower  oxide 
SO;,.  Tlie  liberation  of  iodine  trom  hjdnodic  acid  proceeds  vith  atill  greater  ease  under 
the  action  ol  aubgtancee  capable  of  disengaging  oiygen.  Id  practice,  many  mBthoda 
are  eniployeil  for  liberating  iodine  from  acid  liquids  containing,  for  eiample,  aalphnric 
Acid  and  hydriorlic  acid.  The  higher  oxides  of  nitrogen  ore  moBt  commonly  used ;  they 
then  pass  into  nitric  oxide.  Iodine  tmy  even  be  disengaged  from  hydriodic  acid  by  the 
action  >il  iodic  acid,  Arc.  But  there  i>>  a  limit  in  these  reactions  ot  the  oxidation  of  hydri- 
odic acid  lieciiuse,  under  certain  conditions,  especially  in  dilute  solutions,  the  iodine  set 
free  is  itKelf  able  to  actos  an  oxidising  agent — that  is.  it  evinces  in  ilsell  the  character 
of  clilorine.  and  ol  the  halogens  in  ttenerai,  to  which  we  shall  again   have  occasion  to 

"  For  the  ultimate  purification  of  iodine,  Staa  dissolves  it  in  a  strong  solDtion  of 
■■oUssiuni  iixlide.  and  precipitates  it  by  the  addition  of  wat^r  (ncc  Xote  SH|. 

>-'  The  solubility  of  io<lin«  in  oolutions  containing  oxides,  and  compounds  of  iodine  in 
funeral,  may  sene,  on  the  one  hand,  as  an  indication  that  solntion  is  called  forth  bj 
analogy  (p.  TO),  and,  on  the  other  hand,  as  an  indirect  proof  ot  that  view  us  to  eolations 
which  wan  liled  in  Chapter  I.,  because  in  many  instances  unstable  highly-iodised  com- 
pounds, resembling  crysUllo-hydratea,  have  been  obtained  from  sach  lolationa.  Thns 
iodide  of  tttramethylammonium  X(CH,),I,  combines  with  I,  and  li-  Even  a  solution  of 
iodine  in  a  saturated  solution  ot  potassinm  iodide  presents  traces  ol  the  tomuttion  ot  a 
definite  compound  KI;.  Thus,  an  alcoholic  solution  of  Kl]  does  not  give  up  iodine  to 
carbon  bisulphide,  although  this  solvent  takes  up  iodine  from  an  alcoholic  aolation  of 
iodine  itself  iQiraalt,  Jilrgensen,  and  others|.  The  instability  of  these  compoands  resem- 
Mes  the  insUbility  of  many  crystallo-hydrotea,  for  instance  ot  HCl.aHjO. 
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iodine  is  particularly  soluble  in  lic|uid  hydrocarbons,  in  carbon  bisalphidey. 
and  in  chloroform.  A  small  quantity  of  iodine  dissolved  in  carbon 
bisulphide  tints  it  rose-colour,  but  in  a  somewhat  larger  amount  it 
gives  a  Wolet  colour.  Chloroform  (quite  free  from  alcohol^  is  also 
tinted  rose  colour  by  a  small  amount  of  iodine.  This  ^ves  an 
easy  means  for  detecting  the  presence  of  free  iodine  in  small  quan- 
tities. Tlie  coloration  which  free  iodine  gives  with  starch  m&y 
also,  as  has  already  l>een  frequently  mentioned,  ser^'e  for  the  detection 
of  iodine. 

If  we  compare  the  four  elements,  fluorine,  chlorine,  bromine,  and 
iodine,  we  see  in  them  an  example  of  analogous  substances  which 
arrange  themselves  by  their  physical  properties  in  the  same  order  as 
they  stand  in  respect  to  their  atomic  and  molecular  weights.  If  the 
weight  of  the  molecule  be  large,  the  substance  has  a  higher  specific 
gravity,  a  higher  melting  and  boiling  point,  and  a  whole  series  of  pro- 
perties depending  on  this  difference  in  its  fundamental  properties.  A 
large  atomic  weight  should  determine  a  larger  affinity  between  the 
molecules,  and  conse<}uently  a  greater  difficulty  in  their  division  and  a 
greater  attraction  between  them.  We  meet  a  very  evident  example 
in  question  in  polymeric  compounds  :  for  instance,  in  the  hydrocarbons 
expressed  by  the  formula,  C„H.2„  :  C.2H4,  C-jHp,  are  gases,  those  having  a 
greater  molecular  weight — for  instance,  0^11,0,  C7H14,  <fcc. — areliquids^ 
and  those  of  a  still  greater  molecular  weight  are  solids.  The  same  rela- 
tion is  found  in  the  above-named  four  elements.  Chlorine  in  a  free 
state  boils  at  about  —  35°,  bromine  boils  at  60°,  and  iodine  only  above 
180°.  According  to  Avogadro-Gerhardt's  law,  the  vapour  densities 
of  these  elements  in  a  gaseous  state  are  proportional  to  their  atomic 
weights,  and  here,  at  all  events  approximately,  the  densities  in  a  liquid 
(solid)  state  are  also  almost  in  the  ratio  of  their  atomic  weights. 
Dividing  the  atomic  weight  of  chlorine  (35*5)  by  its  sp.  gr.  in  a  liquid 
state  (1*3),  we  obtain  a  volume  =  27,  for  bromine  (80  3*1)  26,  as  also 
for  iodine  (127  4-9)  26.''* 

The  metiillic  bromides  and  iodides  are  in  the  majority  of  cases  and 


•*  The  e(|iiality  of  the  atomic  vohimes  of  tlie  halogens  themselves  is  all  the  more 
remarkahle  beoauw?  in  all  the  halogen  comi)oun(ls  the  volume  augments  with  the  subetitu- 
tion  of  fluorine  by  chlorine,  bromine,  anfl  iodine.  Thus,  for  example,  the  voliune  of 
Hodium  fluoride  (obtained  by  dividing  the  weight  exj>ressed  by  its  fonimla  by  its  npecific 
gravity)  is  about  15,  of  B(Mlium  chloride  27,  of  sodium  bromide  32,  and  of  sodium 
iodide  41.  The  volume  of  silicon  chloroform,  SiHCl.-,  and  of  the  corresponding  bromiue^ 
and  iodine  compounds,  are  H2,  lOH,  and  122  resjiectively.  So  in  solutions,  for  example. 
NaCl  i  200H./)  has  a  sp.  gr.  (at  15^  4^)  of  1M)1(K;,  consequently  the  volume  of  the  solution 
8«r>Hr>  101(M5--:m2(),  hence  tlu*  volume  of  sodium  chloride  in  solution  =8620-8603  (this  is 
the  vol.  of  200  H.^O)  =  17.     So  also  in  similar  sohitions,  NaBr  ^26  and  Nal  =  35. 
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respect.*)  annlogous  to  the  corresponding  chlorides/'^  hut  chlorine  displaces 
the  bromine  iind  iodine  from  them,  and  biTiniine  liberates  iodine  from 
iodides,  which  is  taJcen  advantage  of  in  the  preparation  ut  these  halogens. 
However,  the  researches  of  Potilitzin  showed  that  a  mtrse  diaplace- 
iiieiit  of  chlorine  by  bromine  uiay  occur  both  in  solutions  of  and  in 
ignited  metallic  chlorides  in  an  atmo-sphere  of  bromine  vapour — that  is, 
H  distribution  of  the  metal  (acconling  to  BerthoUet's  doctrine)  takes 
place  between  the  halogens,  although,  however,  the  larger  portion  still 
unites  witli  the  chlorine,  which  shows  its  greater  affinity  for  metals  as 
compared  with  that  of  bromine  and  iodine.^''     The  latter,  however, 

'•  But  Uie  d^nnily  (luiil  even  voIubib,  Nota  fill  o(  a  bnimine  componnd  ii  •Itmja 
gmtei  than  that  at  «  c^liloritie  compDimil.  whilat  that  at  xi  iwliim  attapound  is  still 
gresMr.  The  ordei'  in  the  musb  in  man;  ntber  reapecta.  Fnr  example,  an  iodine  cran- 
pound  haA  a  higher  bai1in|{  pnint  tljiui  a  bromine  cjmpuoDd,  iic- 

"^  A.  L.  Potilitiin  Hhowed  that  in  heating  varionH  metallic  chloridea  in  aclosedtalwiinLh 
an  equivalent  quantity  ot  bromine,  a  distribution  o(  the  metal  between  the  halogenn  always 
ocean,  luid  that  the  araunnts  ot  chlorine  replaced  by  the  bromine  in  the  allimale  produut 
are  proportional  to  the  atomic  weights  of  tlie  melals  taken  aud  invHreely  proportional  to 
their  eqoivftlency.  Thas,  if  NaCl  +  Br  bo  taken,  then  out  of  JUO  parta  of  chlorine,  5E4  are 
Tfplued  by  the  bromine,  *hiUt  if  AgClrBr  be  tnken,  the  9T'3H  partH  are  replaced. 
These  Bgnres  aie  in  the  ratio  1  -  I'S,  but  the  otomie  weight*  Ma  :  Ag=I ;  17.  In  general 
terms,  it  a  cibloride  UCU  be  taken,  tlien  it  gives  with  'iBr  a  percentiige  sabBtitution 
"  lU/n',  where  H  is  tlie  atomic  weight  ol  the  metal,  Tlii*  law  was  deduced  frumobaerva. 
tionson  the  chloride*  of  Li,  K,Na,Ag(n^l|,  C^Sr,Ba, Co,  Ni,Hg,Pb(n  =  21.  Bi(n  =  B), 
8n  (n  ^  4|,  and  Fe,  [n  -  (l). 

lu  these  determinations  of  Potilitain  we  see  not  only  a  brilliaut  eonfinnation  ot 
BerthoUet's  doctrine,  but  aleo  the  first  effort  (there  have  been  nn  similar  determinations 
since  18TB)  to  directly  detennine  tbe  affiuities  of  elements  by  meansof  displacement.  The 
ohiel  object  ol  these  researches  consisted  in  proving  whether  a  disphwement  occur*  in 
thoaeeaaeawhereheat  iaabeortied,  andin  this  instance  it  should  be  abeorbed,  becauui 
the  formation  of  all  metallic  bromides  is  attended  with  the  evolntion  of  less  heat  than 
that  of  the  iiblorides,  ae  is  eeen  by  the  figures  given  in  Note  GA,  Among  the  remits  of 
other  leaearches  made  by  Potilitiin  in  the  same  direction,  it  is  necetsary  to  tnin  atten- 
tion to  the  following. 

It  the  mass  of  the  bromine  be  inereaeed,  tlien  the  unoant  of  chlorine  displaced  also 
increiwn.  For  example,  it  msssee  of  braniine  of  1  and  1  eqnivalente  art  on  a  molecule  of 
•odium  ehloride.  then  the  iiercrntage*  ot  the  chlorine  displaced  will  be  SOe  p.c.  and 
13-lB  p.D. :  inthe  action  ol  I,  4,  0,  10,  Si,  and  lUO  molecules  ot  bromine  on  a  molecule  nl 
barium  chloride,  there  will  be  diiipUced  T'S,  IT'A.  SB'S.  Sl'O,  S5'0,  and  iS-lt  p.c.  ol  chlorine. 
U  an  equivalent  qnantity  of  hydrochloric  acid  act  on  metallic  bromides  iu  closed  tubes,  and 
in  the  absence  ot  water  at  a  temperaluie  of  SUU*^,  then  the  percentsgee  of  the  snbetitiitian 
ottbebromineby  the  chlorine  in  the  double  decomposition  takinc  place  between  univalent 
metals  are  inversely  proportional  to  their  atomic  weights.  For  example,  NaBr  +  HCI  gives 
at  the  limit  91  p.c.  of  displacement,  KCl  19  p.c.  and  AgCI  11}  p.c.  EsaentisJly  the  same 
takes  place  in  an  aqueous  solution,  atthoU)^  the  phenomena  is  complicated  by  the  parti- 
cipation of  the  water.  The  reactions  proceed  of  themselves  in  one  or  the  other  direction 
at  the  ordinary  temperature  but  at  diDercnt  rafci.  In  the  action  of  a  dilute  solution  (t 
equiralent  per  B  IKtm)  ot  sodium  chloride  on  silver  bromide  at  the  ordinary  tampem- 
tare,  2*07  px,  of  bromine  is  replaced  in  six  and  a  halt  days,  with  potaasiam  chloride 
I'S  jix.  With  an  eices*  of  the  chloride  the  magnitude  of  the  unbstitntion  increases; 
with  four  equivalents  it  is  4'BB  p.c.  in  nine  days.  In  the  action  of  M  grama  o(  sodium 
chloride  on  I'l  grams  of  silver  bromide,  9*09  p,o.  of  hromine  i«  replaced  in  thirteen  days. 
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sometimes  behave  with  respect  to  metallic  oxides  in  exactly  the  same 
manner  as  chlorine.     Gay-Lussac,  by  igniting  potassium  carbonate  in 
iodine  vapour,  obtained  (as  with  chlorine)  an  evolution  of  oxygen  and 
carbonic   anhydride,  K2CO3  -f  I2  =  2KI  +  CO.^  +  O,    only  the  reac- 
tions between  the  halogens  and  oxygen  are  more  easily  reversible  with 
bromine  and  iodine  than  with  chlorine.     Thus,  at  a  red  heat  oxygen 
displaces  iodine  from  barium  iodide  (besides  which  the  reaction    is. 
here  complicated  by  iodine  being  more  easily  oxidised  than  chlorine). 
Aluminium  iodide  bums  in  a  current  of  oxygen  (Deville  and  Troost), 
and  a  similar,  although  not  so  highly  developed,  relation  exists  for 
aluminium   choride,  and  shows   that   the  halogens  have  a  distinctly 
smaller  affinity  for  metals  which  only  form  feeble  bases.    This  refers  to 
a  still  greater  extent  to  non-metals,  which  form  acids  and  evolve  much 
more  heat  with  oxygen  than  the  halogens.     But  in  all  these  instances 
the  affinity  (and  amount  of  heat  evolved)  of  iodine  and  bromine  is  less 
than  that  of  chlorine,  probably  because  the  atomic  weights  are  greater, 
whilst  the  properties  of  the  atoms  of  all  the  halogens  are  analogous. 
The  smaller  store  of  energy  in  iodine  and  bromine  is  seen  still  more- 
clearly  in  the  relation  of  the  halogens  to  hydrogen.     In  a  gaseous  state 
they  all  enter,  with  more  or  less  ease,  into  direct  combination  with 
gaseous  hydrogen — for  example,  in  the  presence  of  spongy  platinum, 
forming  halogen  acids,  HX — but  the  latter  are  far  from  being  equally- 
stable  ;  hydrogen  chloride  is  the  most  stable,  hydrogen  iodide  the  least 
so,  and  hydrogen  bromide  occupies  an  intermediate  position.     A  very 
strong  heat  is  required  to  only  partially  decompose  hydrogen  chloride, 

These  conversions  also  proceed  with  the  absorption  of  heat.  The  reverse  reactions 
evolving  heat  proceed  incomparably  more  rapidly,  but  also  to  a  certain  limit ;  for  example, 
in  the  reaction  AgCl  +  RBr  the  following  percentages  of  silver  bromide  are  formed  in 
different  times : 

96  120 

—  94-21 

95-49  — 

Consequently,  the  conversions  which  are  accompanied  by  this  evolution  of  heat  proceed 
with  very  much  greater  rapidity  than  the  reverse  conversions.  If  the  rates  at  the 
commencement  of  the  first  reactions  be  placed  side  by  side  with  the  amounts  of  heat 
evolved  by  them,  then  a  jierfect  conformity  is  seen  to  exist  between  the  data.  In  the- 
reaction  between  AgCl  and  KBr  3'5  thousand  heat  units  are  evolved,  and  the  rate  of 
this  reaction  in  the  first  two  hours  is  expressed  by  the  formation  of  79*8  p.c.of  bromide  of 
silver;  if  NaBr  act  on  AgCl,  then  4"3  thousand  heat  units  are  evolved,  and  the  rate 
during  the  first  two  hours  is  88*2  p.c.  This  conformity  between  the  rate  of  reaction  and 
the  thermal  figures  is  also  remarked  for  other  compounds.  This  shows  that  the  thermal 
figures  are  not  equivalent  to  the  entire  work  of  affinity,  but  are  only  proportional  to  tlie 
first  rates  of  reactions.  This  explains  why  it  is  possible  upon  their  basis  to  foresee  the 
direction  of  the  dominating  reaction  in  a  complex  medium,  but  impossible  to  foretell  in 
what  direction  the  reaction  will  proceed. 
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whilst  hydrogen  iodide  is  decomposed  by  light  at  even  the  ordinary 
temperature,  and  very  easily  by  a  red  heat.  And  therefore  the  reaction 
1-2  -f  H.2  =  HI  -H  HI  is  very  easily  reversible,  and  consequently  has  a 
limit,  and  hydrogen  iodide  easily  dissociates.^^  Judging  by  the  direct 
measurement  of  the  heat  evolved,  the  conversion  of  2HC1  into  Hg  +  Cla 
requires  the  expenditure  of  44000  heat  units  (because  the  formation  of 
HCl  evolves  22000  heat  units).  The  decomposition  of  2HBr  into 
H.^  +  Br.^  requires,  if  the  bromine  is  obtained  in  a  gaseous  state,  a 
consumption  of  only  about  24000  units,  and  in  the  decomposition 
of  2HI  into  H.^  4-  I2  as  vapour  about  3000  heat  units  are  evolved,^^ 
which,   without  doubt,    stands   in   causal  connection  with  the  great 

^"^  The  disHociatiov  of  hydriodic  artVZ has  been  Rtadied  in  detail  by  Haatefeaille  and 
Lemoino,  from  whose  researches  we  will  extract  the  followinf(  information.   The  decompo. 
sition  of  hydriodic  acid  is  distinct,  but  proceeds  slowly  at  IbO^  ;  the  rate  and  limit  of  de- 
composition increases  with  a  rise  of  temperature     The  reverse  action  is  the  same — that 
in,  Tj  +  H.>  forms  2HI,  not  only  under  the  influence  of  spongy  platinum  (Corenwinder), 
wliich  also  accelerates  the  decomposition  of  hydriodic  acid,  but  it  also  proceeds  by  itself, 
although  slowly.    The  limit  of  the  reverse  reaction  remains  the  same  with  or  without 
spongy  platinum.     An  increase  of  pressure  has  a  very  powerful  accelerative  effect  on  the 
rate  of  the  reaction  of  the  formation  of  hydriodic  acid,  and  therefore  spongy  platinum  by 
condensing  gases  has  the  same  effect  as  increase  of  pressure.   At  the  atmospheric  pressure 
the  decomposition  of  hydriodic  acid  reaches  the  below-mentioned  limit  at  250^  in  several 
montlis,  and  at  44(*°  in  several  hours.  The  limit  at  250°  is  about  18  p.c.  of  decomposition 
— tliat  is,  out  of  100  parts  of  hydrogen  previously  combined  in  hydriodic  acid,  about 
10  p.c.  may  be  disengaged  at  this  temperature  (this  hydrogen  may  be  easily  measured, 
and  the  measure  of  dissociation  determined),  but  not  more  ;  the  limit  at  440°  is  about 
26  p.c.    If  the  pressure  under  which  2HI  passes  into  H.^  +  Lj  be  4^  atmospheres,  then  the 
limit  is  24  p.c. ;  under  a  pressure  of  \  atmosphere  the  limit  is  29  p.c.  The  small  influence 
of  pressure  on  the  dissociation  of  hydriodic  acid  (compared  with  N.20.>,  Chap.  VI.  Note 
4G)  is  due  to  the  fact  that  the  reaction  2HI  =  l2  +  H.2  is  not  accompanied  by  a  change  of 
volume,  and  i)robably  the  existing  differences  are  determined  by  deviations  from  Boyle- 
Muriotto's  law.     In  order  to  show  the  influence  of  time,  we  will  cite  the  following  figures 
referring  to  S.W"  :  1.  Reaction  H.2  +  I-i,  8  hours,  88  p.c.  of  hydrogen  remained  free ;  8  hours, 
<)9  p.c. ;  34  hours,  48  p.c. ;  70  hours,  29  p.c;  and  327  hours,  185  p.c.  of  hydrogen  remained 
in  a  free  state.   2.  The  reverse  decomposition  of  2HI,  J)  hours,  3  p.c.  of  hydrogen  st»t  free, 
and  after  250  hours  18'fi  p.c.  of  hydrogen  became  free — that  is,  the  limit  was  reached.  The 
addition  of  extraneous  hydrogen  diminishes  the  limit  of  the  reaction  of  decomposition,  or 
increases  the  formation  of  hydrimlic  acid  from  iodine  and  hydrogen,  as  would  bo  expected 
from  Bcrthollet's  doctrine  (Chaj).  X.).     Thus  at  440°  28  p.c.  of  hydriotlic  acid  is  decom- 
pos<'d  if  tln.Tc  he  no  admixture  of  hydrogen,  while  if  H.>  be  added,  then  at  the  limit  half 
as  sniall  a  mass  of  HI  is  decomposed.    Tlierefore,  if  an  infinite  mass  of  hydrogen  be 
taken  there  will  l>e  no  decomposition  of  the  hydriodic  tu'id.     Light  aids  the  decompo- 
sition of  hydriodic  acid  very  powerfully.     At  the  ordinary  temperature  80  p.c.  is  decom- 
pos<'d  under  the  influence  of  light,  whilst  under  the  influence  of  heat  alone  this  limit 
corresponds  with  a  very  high  temperature.  The  distinct  action  of  light,  spongy  platinum, 
and  of  imperfect  cleanliness  in  glass  (especially  of  sodium  sulphate,  which  destioyg 
hydri(xlic  acid),  not  only  render  the  investigations  difficult,  but  also  show  that  in  reactions 
like  2HI  =  l2  +  H2,  which  are  accompanied  by  slight  heat  effects,  all  foreign  and  feeble 
influences  may  deeply  affect  the  process  of  the  phenomenon  (Note  47). 

^  The  thermal  determinations  of  Thomsen  (at  18°)  gave  in  tliousands  of  calories, 
Cl  +  H=  +22,  HCl  +  Aq  (that  is,  a  large  amount  of  water  dissolves  HCl) s  +17*8,  and 
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irtabilitv  of  hydrr^en  cbloride,  the  easy  deeompjosability  erf  hydrogen 
io^li/l^,  an/1  t?ie  inumxiediate  properties  of  hydrogen  bromide.  From 
Uii«  it  would  \tf!  expected  that  chlorine  is  capable  of  decomposing  water 
with  the  evolution  of  oxygen,  whilst  iodine  has  not  the  energy  to 
prrxlur^e  thiJi  disengagement,'^  although  it  is  able  to  liberate  the  oxygen 
from  the  oxides  of  potaiMsiam  and  sodiam,  as  the  affinity  of  these  metals 
for  the  halogens  in  very  considerable.  For  this  reason  oxygen,  especially 
in  cornf^ounds  from  which  it  can  be  evolved  (for  instance,  CIHO,  CrO^, 
kc,)f  easily  decomposes  hydrogen  iodide.  A  mixture  of  hydrogen  iodide 
and  oxygen  V^ums  in  the  presence  of  an  igniterl  substance,  forming 
water  and  iofline.  Drops  of  nitric  acid  in  an  atmosphere  of  hydrogen 
iodide  pro<luce  the  disengagement  of  violet  fumes  of  iodine  and  brown 
fumes  of  nitric  peroxide.  In  the  presence  of  alkalis  and  an  excess  of 
water,  however,  io^line  is  able  to  produce  oxidation  like  chlorine — that  is, 
it  decomf loses  water  ;  the  action  is  here  aided  by  the  affinity  of  hydrogen 
io^lide  for  the  alkali  and  water,  just  as  sulphuric  acid  helps  zinc  to  decom- 
pose water.  But  the  relative  instability  of  hydriodic  acid  is  Ijest  seen  in 
comparing  the  ficids  in  a  gaseous  state.  If  the  halogen  acids  be  dissolved 
in  water,  they  evolve  ho  much  heat  that  they  approach  much  nearer 
to  e^ich  other  in  properties.  This  is  seen  from  thermochemical  data, 
l>ocause  in  the  formation  of  HX  in  solution  (in  a  large  excess  of  water) 
from  thvi  (jaHPoutt  elements  there  is  evolved  ior  HCl  39000,  for  HBr  22000, 

t)i«ri«for«  H  f  ('I  ^  Aq  i  iM'H.  In  taking  moleculeH,  all  these  figures  mnst  be  doubled- 
Hr  f  H  fH'4;  HBr<  A(\  191);  H  +  Br  +  Aq-  +  2W8.  According  to  Berthelot  72  go 
to  th«  va|)oriMation  of  Br^,  hence  Br.^  + H.,,  =  1(5*8  +  7'2=  -f  24,  if  Br.^  be  taken  as  vapour 
for  conjpuriHon  witli  CI  j.  H  + 1  --  -«0,  HI  +  Aq  =  ll»'2  ;  H  + 1  +  Aq  =  + 13'2,  and,  accord- 
ing to  Bi^rthelot,  the  heat  of  fusion  of  I,,  =  8*0,  and  of  vaporisation  6'0  thousand  heat  units, 
and  tlwrefore  1.^  -t  H.^  -  —  "li&O)  +  8  +  <l  --  —  U'O,  if  the  iodine  be  taken  as  vapour.  Berthelot, 
on  tht^MisiM  of  his  determinations,  gives,  however,  +0'8  thousand  heat  units.  Similar 
j*ot»tra<lirtory  rnsults  are  often  met  with  in  thennochemistry  with  the  imperfection  of 
th"  existing  metliods,  and  depend  on  the  necessity  of  obtaining  the  fundamental  figures 
by  an  indirect  metlifNl.  Thus  Thomsen  decomiwsed  a  dilute  solution  of  potassium  iodide 
by  gaseous  chlorine;  the  reaction  gave  4-20'2,  whence,  having  first  determined  the  heat 
effects  of  the  reactions  KHO  + HCl,  KHO+ HI  and  Cl  +  H  in  aqueous  solutions,  it  was 
poHsible  to  find  11  -f  1  -f  Aq  ;  then,  knowing  HI  +  Aq,  to  find  I  +  H.  It  is  evident  that  the 
umivoidablo  ernirs  may  multiply  themselves. 

♦''•  One  would  think,  however,  that  (m  the  basis  of  Berthollet's  doctrine,  and  the  obser- 
vations of  Potilitzin  (NoUi  (Ml),  a  certain  trace  of  slow  decomposition  of  water  by  iodine 
may  t^xist.  In  this  sense  the  observations  of  Dossios  and  Weith  on  the  fact  that  the 
nolubiUty  of  iodine  in  water  increases  after  lapse  of  several  months,  will  be  comprehen- 
sible. Hydri<Mlic  acid  is  then  formed,  and  it  increases  the  solubility.  If  the  iodine  be 
<!'xtract«»d  from  such  a  solution  by  carbon  bisulphide,  then,  as  the  authors  showed,  after 
the  action  of  nitrous  anhydride,  icwline  may  be  again  foimd  in  the  solution  by  means  of 
stjiroh.  ()ni»  ean  eanily  imagine  that  a  number  of  like  reactions,  requiring  much  time  and 
taking  place  in  small  <{uantities,  have  up  to  now  eluded  the  attention  of  investigators 
who  e\«'n  still  doubt  the  universal  application  of  Berthollet's  doctrine,  or  only  see  tlie 
thernuM'hemical  side  of  ivactions,  or  else  neglect  to  \vxy  attention  to  the  element  of  time 
und  the  influence  of  mass. 
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and  for  HI  18000  heat  units."*  But  this  is  especially  evident  from 
the  faot  that  solutions  of  hydrogen  bromide  and  iodide  in  wat«r  have 
many  points  in  common  with  solutions  of  hydrogen  chloride,  both  in 
their  capacity  to  form  hydrates,  fuming  solutions  of  constant  boiling 
point,  and  in  their  capacity  to  form  haloid  salts,  Sx.,  by  reacting  on 
bases. 

In  cooaoquence  of  what  lias  been  said  above,  it  follows  that  ht/dro- 
bromic  and  hydriodic  a/rids,  being  subatancea  which  are  but  slightly 
stable,  cannot  be  evolved  in  a  gaseous  state  under  many  of  those  condi- 
tions under  which  hydrochloric  acid  is  formed.  Thus  if  sulphuric  acid 
in  solution  acts  on  sodium  iodide,  all  the  same  phenomena  take  place  as 
with  sodium  chloride  (a  portion  of  the  sodium  iodide  gives  hydriodic 
acid,  and  all  remains  in  solution),  but  if  sodium  iodide  be  mixed  with 
strong  sulphuric  acid,  then  its  oxygen  deoompoaea  the  hydriodic  acid 
set  free  with  liberation  of  iodine,  H.^SO^  +  2HI  =  2HjO  +  SO^  +  I,. 
This  reaction  proceeds  in  the  reverse  direction  in  the  presence  of  a  viasa 
of  water  (:iOOO  parts  of  water  per*  1  part  of  SO,^),  in  which  not  only  the 
affinity  of  hydriodic  acid  for  water  evinces  itself,  but  alsft  the  direct 
participation  of  water  in  the  direction  of  chemical  reactions  accomplished 
through  its  medium."  Therefore,  having  a  halogen  salt,  it  is  easy  to 
obttiin  gaseous  hydrochloric  acid  (by  the  action  of  sulphuric  acid),  but 
neither  hydrobromic  nor  hydriodic  acid  can  be  so  obtained  free  (as 
gases).'*  Other  methods  are  requisite  for  their  preparation  ;  but  above 
all  there  must  be  conditions  for  the  removal  of  oxygen,  which  is  so  easily 
able  to  destroy  these  acids.  Therefore  hydrogen  sulphide,  phosphorus, 
&c.,  which  themselves  easily  take  up  oxygen,  are  introduced  as  means  for 
the  conversion  of  bromine  and  iodine  into  hydrobromic  and  hydriodic 
acids  in  the  presence  of  water.  For  example,  in  the  action  of  phosphorus 
the  essence  of  the  matter  is  that  the  oxygen  of  the  water  goes  to  the 
phosphorus,  and  the  reivction  of  the  remainders  leads  to  the  formation 
of  hydrobromic  or  hydriodic  acid  ;  but  the  matter  is  complicated  by  the 
reversibility  of  the  reaction,  the  affinity  for  water,  wd  other  circum- 
stances which  are  understood  by  following  Bert  ho!  let's  doctrine. 
Chlorine  (also  bromine)  directly  decomposes  hydrogen  sulphide,  forming 
hydrochloiic  acid  and  liberating  sulphur,  both  in  a  gaseous  form  and  in 
solutions,  whilst  iodine  only  decomposes  hydrogen  sulphide  in  weak 

"  On  Uie  baxi>  of  the  data  in  Note  OS. 

"  A  number  of  like  cases  confirm  irhmt  has  beeu  gud  Id  Notes  3S  and  18  of 
Clmrtft  X. 

"  This  is  prevented  by  the  redacibility  o(  aalphuric  acid.  If  volatile  acidi  b«  taken 
they  poaii  over,  together  with  the  hydrobromic  and  hydriodic  acidfl,  wheD  distilled  ;. 
whilst  many  non. volatile  acids  which  are  not  reduced  by  hydrobromic  and  hydriodic 
acids  only  net  feebly  (like  phosphoric  acid),  or  do  not  act  at  all  {liiie  boric  acid). 
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solutions  when  its  affinity  for  hydrogen  is  aided  by  the  affinity  of 
hydrogen  iodide  for  water.  In  a  gaseous  state  iodine  does  not  act 
on  hydrogen  sulphide,^^  whilst  sulphur  is  able  to  decompose  gaseous 
hydriodic  acid,  forming  hydrogen  sulphide,  and  a  compound  of  sulphur 
and  iodine  with  which  water  forms  hydriodic  acid.^** 

If  hydrogen  sulphide  be  passed  through  water  containing  iodine,  the 
reaction  HjS  +  Ij  =  2 HI  -f  S  proceeds  so  long  as  the  solution  be 
dilute  ;  or  with  a  greater  mass  of  iodine,  so  long  as  a  solution  of  iodine 
in  hydriodic  acid  having  a  composition  of  nearly  2HI  +  4I2  +  9HjO 
(according  to  Bineau)  be  not  formed.  Hydrogen  sulphide  then  no  longer 
acts  on  such  a  solution,  whatever  be  the  mass  of  the  free  iodine.  There- 
fore, only  weak  solutions  of  hydriodic  acid  can  be  obtained  by  passing 
hydrogen  sulphide  into  water  with  iodine. ^^'' 

To  obtain^"'  gaseous  hydrobromic  and  hydriodic  acids  it  is  most 

"^^  ThiB  is  in  iigreement  with  the  thermocheinical  data,  because  if  all  the  sabatances 
be  taken  in  the  gaseous  state  (for  sulphur  ilie  heat  of  fusion  is  0*8,  and  the  heat  of 
vaporisation  2*8)  we  have  H.2  +  S  =  4'7;  H2  +  CI2  -=  H]  H2  +  Br2  =  24,  and  H2+l3= 
—  8000  heat  units;  hence  the  formation  of  H^S  gives  less  heat  than  that  of  HCl  imd 
HBr,  but  more  than  that  of  HI.  In  dilute  solutions  H2  +  S  +  Aq  =  9*3,  and  consequentty 
less  than  the  formation  of  all  the  halogen  acids,  as  HqS  evolves  but  little  heat  with 
water,  and  therefore  in  dilute  solutions  chlorine,  bromine,  and  iodine  deeompoae 
hydrogen  sulphide. 

'*  Here  there  are  three  elements,  hydrogen,  sulphur,  and  iodine,  each  pair  of  which 
is  able  to  form  a  compound,  HI,  HjS,  and  SI,  besides  which  the  latter  may  unite  in 
various  proportions.  The  complexity  of  chemical  mechanics  is  seen  in  such  examples  as 
these.  It  is  evident  that  only  the  study  of  tlie  simplest  cases  can  give  the  key  to  the 
more  complex  problems,  and,  on  the  other  hand,  it  is  evident  from  the  examples  cited  in 
the  last  pages  that,  without  jwnetrating  into  the  conditions  of  chemical  equilibria,  it 
would  be  impossible  to  explain  chemical  phenomena.  By  following  the  footsteps  of 
BerthoUet  the  possibility  of  unravelling  the  problem  will  be  reached ;  but  the  work  in 
this  direction  has  only  been  begun  during  the  last  ten  years,  and  much  remains  to  be 
done  by  first  collecting  experimental  material,  for  which  occasions  present  themselves 
at  every  step.  The  new  chemistry  will  without  doubt  place  these  problems  to  the 
fore.  In  speaking  of  the  halogens  I  wished  to  turn  the  reader's  attention  to  problems 
of  this  kind,  and  to  the  methods  by  which  we  may  expect  to  arrive  at  their  solution. 
However,  owing  to  the  limited  space  of  this  book,  I  am  not  able  to  touch  on  all  the  exist- 
ing problems  of  this  nature. 

14b  fYiiQ  same  essentially  takes  place  when  sulphurous  anhydride,  in  a  dilute  solu- 
tion, gives  hydriodic  acid  and  sulphuric  acid  with  iodine.  On  concentration  a  reverse 
reaction  proceeds.  The  equilibrated  systems  and  the  part  played  by  water  ore  every- 
where distinctly  seen. 

7&  Methods  of  formation  and  preparation  are  nothing  else  but  particular  cases  of 
chemical  reaction.  If  the  knowledge  of  chemical  mechanics  were  more  exact  and 
complete  tlian  it  is  now  it  would  be  i>ossible  to  foretell  all  cases  of  preparation  with 
every  detail  (of  the  quantity  of  water,  temperature,  pressure,  masses,  &c.).  The  study 
of  practical  methods  of  preparation  is  therefore  one  of  the  paths  for  the  study  of  chemical 
mechanics.  The  reaction  of  iodine  on  phosphorus  and  water  is  a  case  like  that  mentioned 
in  Note  74,  and  the  matter  is  here  further  comphcated  by  the  possibility  of  the  formation 
of  the  compound  PH3  with  HI,  as  well  as  the  production  of  PI^,  PI3,  and  the  affinity 
of  hydriodic  acid  and  the  acids  of  phosphorus  for  water.     Tlie  theoretical  interest  of 
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convenient  to  take  advantage  of  the  reactions  between  phosphoruB, 
the  halogens,  and  water,  when  the  latter  is  present  in  small  quantity 
(otherwise  the  lialogen  acids  formed  are  dissolved  by  the  water),  and 
the  halogen  is  gradually  added  to  the  phosphorus  moistened  with 
wjiter.  Thus  if  red  phosphorus  be  placed  in  a  flask  and  moist«ned  with 
water,  and  bromine  be  added  drop  by  drop  (from  a  closed  funnel  with 
a  glass  tap),  hydrobromic  acid  is  abundantly  and  uniformly  dis- 
engaged.^^ Hydrogen  iodide  is  prepared  by  adding  1  part  of  common 
(yellow)  dry  phosphorus  to  10  parts  of  dry  iodine  in  a  glass  fiask.  On 
revolving  the  flask,  reaction  (fight  and  heat  are  evolved)  proceeds  quietly 
between  them,  and  when  the  mass  of  the  iodide  of  phosphorus  whi<;h  is 
formed  has  cooled,  water  in  added  drop  by  drop  (from  a  funnel  with  a 
tap)  and  hydrogen  iodide  is  evolved  even  without  the  aid  of  heat. 
These  methods  of  preparation  will  be  at  once  understood  when  it  is 
remembered  (p.  462)  that  phosphorus  chloride  gives  hydrc^en  chloride 
with  water.  It  is  exactly  the  same  here — the  oxygen  of  the  water 
passes  over  to  the  phosphorus,  and  the  hydrogen  to  the  iodine  ;  for 
example,  PI,  +  3H,0  =  PHjOj  +  3HI." 

In  a  gaseous  form  hydrobromic  and   hydriodic   acids  are  closely 

pquiUbria  in  nil  (lieir  complciit;  i>  naturaJly  verj  great,  bnt  it  lolls  in  tbe  background 
btlore  tilt  primary  intereoEs  of  (liflcOTering  pMWtical  methods  for  (he  inolation  of  sab- 
alancei!,  iind  the  meana  of  employing  them  for  the  teiioireraeotH  of  nun.  It  ie  only  after 
the  Batisfaction  of  tbene  requiramentu  thikt  inttrests  of  the  other  order  uiiie,  which 
themselves  reflect  the  interextB  of  tbe  prinuu?  natnre.  For  these  reasons,  whilst  con- 
BiderinR  it  opportune  to  point  out  the  theoretical  inlerEats  of  chemical  equilibria,  tbe 
chief  attention  of  the  reader  ie  directed  in  this  work  to  the  primary  chemical  interests. 

^  Hyilrobromic  acid  is  obtained  by  the  action  of  bromine  on  paraffin  healed  to  1S0°. 
GoTitavaon  proponed  preparing  it  by  the  action  of  bromine  (it  is  best  if  it  be  added  in 
drops  together  witli  traces  of  alamininm  bromide)  on  anthracene  (a  solid  hydrocaibou 
from  coid  tar).  Balanl  prepared  it  by  passing  bromine  vapour  over  moist  pieces  of 
common  phosphorus.  Tlie  liquid  trihromide  of  phosphorus,  directly  obtained  from 
phnsphorUK  anU  bromine,  alno  given  hydrobromic  acid  vhen  treated  with  water.  Bromide 
of  potasHiuin  or  Hodium,  when  treated  vith  sulphuric  acid  in  Ihe  presence  of  a  piece  of 
phosphorus,  also  gives  hydrobromic  acid,  but  hydriodic  acid  is  decomposed  by  this 
method.  Ill  order  lo  free  hydrobromic  acid  from  bromine  vapour  it  is  passed  over  moist 
phospliorus  and  dried  either  by  phosphoric  anhydride  or  calcium  bromide  (calciom 
chloride  cuiiiiot  be  awil,  aa  hydrochloric  acid  would  be  formed).  Neither  hydrobromic 
norhj-driralicacidscanbecollectedovermercory,  on  which  they  a.t,  but  they  may  be 
directly  collected  in  a  drj'  veaacl  by  letting  the  gus-condocting  tube  pons  down  to  the 
bottom  of  the  veHsel,  both  gaaea  being  much  heavier  than  air. 

"  BdI,  generally,  more  [iliosphorua  is  Uken  than  in  reiguired  for  the  formation  of  FI:,, 
because,  otlierwise,  a  portion  of  the  iodine  is  distilled  over.  If  lees  than  one-tenth  part 
of  iodine  be  taken,  then  much  phospboniom  iodide,  PH,I  i*  formed.  This  proportion 
was  established  by  Oay-Lussac  and  Solbe.  Hydriodic  acid  is  also  prepared  in  many 
other  ways.  BanSofl  diasolTM  two  puts  of  iodine  in  ona  part  of  a  pnTionsIj.  prepared 
strong  (sp.  gr.,  I'dT)  aolntion  of  hydriodio  add,  and  pmua  it  on  to  rad  phosphorai  in  a 
retort.  Personne  takes  a  miiton  ol  fiftOTn  parts  ol  watar,  tan  of  lodiiM,  and  ona  of  red 
phosphoms,  which,  when  tnated,  disaafsfia  hydrioJ*"  '•^  »<«4  wilh  lo^iBa  nyoar, 
which  is  removed  by  passing  it  oral  Dulit  (hMr  ■•nband. 
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analogous  to  hydrochloric  acid  ;  they  are  liquefied  by  pressure  and  cold, 
they  fume  in  the  air,  form  solutions  and  hydrates  of  constant  boiling 
point,  and  react  on  metals,  oxides  and  salts,  ttc.^^     Only  the  relatively 
easy  decomposability  of  hydrobromic  acid,  and  especially  of  hydriodic 
acid,  clearly  distinguish  these  acids  from  hydrochloric  acid.      For  tliifi 
reason,  hydriodic  acid  acts  in  a  number  of  cases  as  a  deoxidiser  or 
reducer,  and  frequently  even  serves  as  a  means  for  the  transmission  of 
hydrogen.      Thus  Berthelot,  Baeyer,  Wreden,  and  others,  by  heating 
unsaturated  hydrocarbons  in  a  solution  of  hydriodic  acid,  obtained  their 
compounds  with  hydrogen    nearer   to  the  limit  C„Hj„^.j  or  even   the 
saturated  compounds.     For  example,  benzene,  CfiHg,  when  heated  in  a 
closed  tube  with  a  strong  solution  of  hydriodic  acid,  gives  hexylene, 
C^Hj.;*     The  easy  decomposability  of  hydriodic  acid  accounts  for  the 
fact  that  iodine  does  not  act  by  metalepsis  on  hydrocarbons,  for  the 
hydrogen  iodide  liberated  with  the  product  of  metalepsis,  RI,  formed, 
gives  iodine  and  the  hydrogen  compound,  RH,  back  again.    And  there- 
fore, to  obtain  the  products  of  iodine  substitution,  either  iodic  acid,  HIOj 
(Kekule),  or  mercury  oxide,  HgO  (Weselsky),  is  added,  as  they  imme- 
diately react  on  the  hydrogen  iodide,  thus  :  HT03  +  5HI  =  3H.>0-}-3Ii, 
or,  HgO  +  2HI  =  Hgl2-|-H20.      From  these  considerations  it  will  be 
readily  understood  that  iodine  acts  like  chlorine  (or  bromine)  on  am- 
monia and  sodium  hydroxide,  for  in  this  case  the  hydriodic  acid  produced 
forms  NH4I  and  Xal.      Thus  with  tincture  of  iodine,  or  even  the  solid 
element,  a  solution  of  ammonia  immediately  forms  a  highly-explosive 

however,  that  reverse  reaction  (Oppenlieim)  may  take  ]»lu(e  between  the  hydriodic  acid 
and  pliosphorus,  in  which  the  compounds  PH4I  and  PIj  are  formed. 

It  shoukl  he  observed  that  the  reaction  l>etween  phosphorus  and  iodine  and  watvr 
must  be  carried  on  in  the  above  proportions  and  with  caution,  as  tliey  may  react  witli 
explosion.  With  red  phosphoi-us  the  reaction  proceeds  quietly,  but  nevertheless  requires 
care. 

L.  Meyer  showed  that  with  an  excels  of  iodine  the  reaction  proceeds  without  tlie 
formation  of  bye-products  (PH4I ),  according  to  the  ecjuation  P  -f  51  -  4H..O  =  PHtO ^  -f-  5HI. 
For  this  purjjose  100  grams  of  iodine  and  10  grams  of  water  are  placed  in  a  retort,  and  a 
paste  of  o  grams  of  red  phosphorus  and  10  grams  of  water  is  added  little  ])y  little  (at  first 
with  great  care).  The  hydriodic  acid  may  l>e  obtained  free  from  iodine  by  directing  the 
neck  of  the  retort  upwards  and  causing  the  gas  to  pass  through  a  sliallow  layer  of  water. 

'8  The  specific  gravities  of  their  solutions,  as  deduced  by  me   (in  my  work,  citcni 
Note  20,  Chapter  X.)  on  the  basis  of  Topsoe  and  Bert  helot's  determinations  for  15^  i^ 
are  as  follows: — 

10  20  :)0  40  50  00  i».c. 

HBr     1071  llo7  1258  1-874  1-505  l-l>50 

HI       1075  1-1G4  1-2C7  1\H99  1-567  1-700 

Hydrobromic  acid  forms  two  hydrates,  HBr,2H.20  and  HBr,HoO,  wliich  have  been 
studied  by  Roozeboom  with  as  much  completeness  as  the  hydrate  of  liydrcxhloric  acid 
(Chapter  X.  Note  37). 

With  metallic  silver,  solutions  of  hydriodic  acid  give  hydrog<Mi  with  great  ease, 
forming  silver  iodide.     Mercury,  lead,  and  other  metals  act  in  a  like  nnmner. 
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solid  black  product  of  metalepsis,  generally  known  as  iodide  of  nitrogeti, 
although  it  probably  contains  hydrogen,  SNHj  +  21^  s=  2NH,I  +  NHI,. 
However,  the  composition  of  the  product  is  variable,  and  with  an  excess 
of  water  NIj  lieems  to  be  formed.  Iodide  of  nitrogen  is  no  less  explosive 
tlmu  nitrogen  chloride.  In  the  action  of  iodine  on  sodium  hydroxide 
no  bleaching  compound  is  formed  (whilst  bromine  gives  one),  but  a 
direct  reaction  is  always  accomplished  with  the  formation  of  an  iodate 
(JXaHO  +  31,  =  oNal  +  SHjO  4-  NalOa  (Gay-LuBsao).  Solutions  of 
other  alkalis,  and  even  a  mixture  of  water  and  oxide  of  mercury,  act  in 
the  same  manner.  This  direct  formation  of  iodic  neid,  HIOj  =  10^(011), 
shows  the  propensity  of  iodine  to  give  compounds  of  the  type  IXg, 
Indeed;  the  propensity  of  iodine  to  form  compounds  of  a  higher  type 
clearly  evinces  itself  in  many  ways.  But  it  is  most  important  to  turn 
attention  to  the  fact  that  iodic  acid  is  easily  and  directly  formed  by  the 
action  of-  oxidising  substances  on  iodine.  Thus,  for  instance,  strong 
nitric  acid  directly  converts  iodine  into  iodic  acid,  whilst  it  has  no 
oxidising  action  on  chlorine. ^^  This  shows  a  greater  affinity  in  iodine  for 
oxygen  than  in  chlorine,  and  this  conclusion  is  confirmed  by  the  fact 
that  iodine  displaces  chlorine  from  its  oxygen  acids,^  and  that  in  the 
presence  of  water  chlorine  oxidises  io<line."  Even  ozone  or  a  silent 
discharge  passed  through  a  mixture  of  oxygen  and  iodine  vapour  is  able 
to  directly  oxidise  iodine  ^^  into  iodic  acid.    It  is  disengaged  from  solu- 

"  Tlie  oxidfttion  of  \.-A\ae  by  Mrong  uitrie  hcLiI  vaa  diw-overed  byCoDneU;  Millon 
liliowed  UuLt  it  in  accompli  shed.  altliouKli  luoTe  elnnly.  by  tile  action  of  the  hjdntea  at 
iiLlri.1  aiid  up  lo  HNOjJIaO,  but  thul  the  wlution  HNOj.aHjO,  and  weaker  aolutiona, 
<1ii  not  ciiidine,  but  Hiniply  di<isolre,  iodine.  Tlic  participation  of  water  in  reaction!  ii 
'hv«n  in  this  instance.  It  is  alno  b«en,  for  eioinple,  in  the  fact  that  dry  ammoaia  com- 
binex  din-i'tly  with  iodine— [or  instance,  at  0=  forming  the  compound  I,,* NHj— whilst 
imlidt  of  nitrogen  is  only  [orm«l  under  the  action  of  water. 

""  Uruniind  also  diapluces  chlorine — tor  inKtonce,  from  chloric  acid,  directly. forming 
hrmnic  ociil.  If  a.  Milution  of  potasyium  chlorate  be  taken  (7S  puitH  per  400  ports  of 
water),  and  ioilinc  be  added  to  it  (M)  parts),  and  then  »  small  quantity  of  nitric  acid, 
chlorine  is  dixen^i^'eil  on  boiling,  and  potassium  iodate  is  formed  in  the  solution.  In 
tliis  iustaut'i-  tlic  nitric  acid  lirHt  evolves  a  certain  portion  of  tlie  chloric  aciJ,  and  the 
latter,  with  the  iodine,  vvolvvH  cblorine.  Tlie ,  iodic  acid  tlius  formed  acts  on  a  further 
iliiontily  of  the  potiiwiiuni  chlorate,  Bets  a  portion  of  the  chloric  acid  frop,  and  in  this 
iiiaiincr  the  action  in  kept  up.  Potilitzin  (leuT)  remarked,  however,  ttukt  not  only  do 
bromine  and  imline  displace  tlie  chlorine  from  clilorie  acid  and  potassium  chlorate,  bat 
also  chlorine  dixplaces  bromine  from  sodium  bromate,  and,  turtheniiore,  llie  reaction  does 
not  iiriKml  us  u  direct  Kabstitution  of  the  halogens,  but  is  uTomimnied  by  the  fomution 
of  tree  ncitis ;  for  example.  ENaClOj  +  8Br,  +  HHiO  -  5NaBr+ SHCtOj  +  HBrOj. 

"'  If  iodine  be  stirred  up  in  water,  and  chlorine  passed  through  it,  then  the  iodine  is 
disMihcd;  the  liquid  becomes  colourless,  and  contains,  according  to  the  moas  of  water 
and  chlorine,  either  the  compounds  IHClj,  or  IClj.  or  IIIU^.  If  there  be  a  small  amount 
of  water,  then  the  iodio  acid  may  separate  out  directly  in  crystals,  but  a  complete  con- 
version iBorneinann)  only  occurs  when  uot  less  tliun  ten  parts  o(  water  ore  taken  to 
one  |iurt  of  iodine— lCl  +  SH^  +  3CI,  =  IHOj  +  BHCI. 

"'  Scbiinebein  and  Ogier  proved  this.     Ogier  found  that  at  45°  oioue  immediately 
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tions  as  a  hydrate,  HIO3,  which  loses  water  at  170°,  and  gives  an 
anhydride,  I2O5.  Both  these  substances  are  crystalline  (sp.  gr.  IjO, 
5*037,  HIO3  4*869  at  0°),  colourless,  soluble  in  water,®'  decompose  at  a 
red  heat  into  iodine  and  oxygen,  are  in  many  cases  powerfully  oxidising — 
for  instance,  they  oxidise  sulphurous  anhydride,  hydrogen  sulphide^  car- 
bonic oxide,  &c. — fomi  chloride  of  iodine  and  water  with  hydrochloric 
acid,  and  with  bases  form  salts,  not  only  normal  MIO3,  but  also 
acid,  for  example,  KTO3HIO3,  KIO32HIO3.  With  hydriodic  acid 
iodic  acid  immediately  reacts,  disengaging  iodine,  HIO3  -f  5HI  =r 
3H2O  4-  31,. 

As  with  chlorine,  so  with  iodine,  a  periodic  acidy  HIO4,  is  formed. 
This  acid  is  produce<l,  as  its  salts,  by  the  action  of  chlorine  on  alkaline 
solutions  of  iodates,  and  also  by  the  action  of  iodine  on  chloric  acid.*^ 

oxidiifies  iodine  vapour,  first  forming  the  oxide  I^Os,  which  ifi  decomposed  by  water  or  on 
heating  into  iodic  aniiydride  and  iodine.  Iodic  acid  is  formed  at  the  poBitive  poles 
(Riche)  when  a  solution  of  hydriodic  acid  is  decomposed  by  a  galvanic  current.  It  is 
also  formed  in  the  combustion  of  hydrogen  mixed  with  a  small  quantity  of  hydriodic  acid 
(Salet). 

^'  Kilmmerer  showed  that  a  solution  of  sp.  gr.  2*127  at  14',  containing  2HI05,9H20, 
entirely  solidified  in  the  cold.  On  comparing  solutions  HI  +  W/H2O  with  HIO5+/WH2O, 
we  find  that  the  specific  gravity  increases  but  the  volume  decreases  (it  is  the  sajne  in 
their  passage  to  solutions  HIOj  +  zz/H.^O),  whilst  in  the  passage  of  solutions  HC1  +  /wH.jO 
to  HCIO3  4- mH._,0  the  specific  gravity  augments,  and  so  does  the  volimie,  which  is  re- 
marked also  in  certain  other  cases  (for  example,  H3PO-  tmd  H-,PO,).  Observations  on  the 
specific  volume  of  solution  of  iodic  and  periodic  iwnds  were  made  by  Thomsen  at  17°  17^. 
He  expresses  for  HIO-  +  /"HoO  by  18;«  +  8i»l  — UMm  (m  + IH),  and  for  H^IOg+wiHoO 
by  lHm  +  *i3*K,  which  shows  the  absence  of  c<mtraction  in  mixing  these  acids  with  water 
(see  Mendeleeff,  Invrsiigdtion  of  AqucoiiH  Solutions,  p.  8(JM). 

^  If  sodium  iodate  be  mixed  with  a  solution  of  sodium  hydroxide,  heated,  and  chlorine 
be  passed  through  the  solution,  then  a  sparingly  soluble  salt  separates  out,  which  corre- 
sponds with  periodic  acid,  and  has  the  composition  Na,IoO.>,;3H.^O. 

fiNaHO  +  iJNaIO- +  4C1  =  4N'aCl  -l-Na,L,09  +  aH,,0. 

This  compound  is  sparingly  soluble  in  water,  but  easily  dissolves  in  a  very  dilute 
solution  of  nitric  acid.  If  silver  nitrate  be  added  to  this  solution  a  precipitate  is  formed 
which  contains  the  corresponding  compound  of  silver,  AgiI.^09,8H.jO.  If  this  sparingly 
soluble  silver  compound  be  dissolved  in  hot  nitric  acid,  then,  on  evaporating,  orange 
crj'stnls  of  a  salt  having  the  conii>osition  AglOj  separate.  Tliis  salt  is  formed  from  tlie 
preceding  by  the  nitric  acid  taking  up  silver  oxide.  Ag4l.209  +  2HNO3  =  ^AgNO^ 
+  2AgI04  +  H20  is  decomi)osed  by  water,  with  the  ro-formution  of  the  preceding  salt, 
while  iodic  acid  remains  in  solution — 

4  AglOi  +  H.O  -  Ag  J0O9  .■  2HI0 ,. 

The  structure  of  the  first  of  these  salts,  Na|IjOy.:jHoO,  presents  itself  in  a  simpler 
form  if  the  water  of  crystallisation  is  regarded  as  an  integral  ])ortion  of  the  salt ;  the 
formula  is  then  divided  in  two,  and  takes  the  form  of  IO(()H)-,(ONa)2 — that  is,  it  answers 
to  the  type  IOX5,  or  IX7  (like  AgI04)  which  is  IO.-(OAg).  The]| composition  of  all  the 
salts  of  periodic  acids  are  expressed  by  this  ty]H^  IX7.  JKimmins  (1H89)  classes  all 
the  salts  of  periodic  acid  into  four  tyi)es — the  meta-saltsof  HIOj  (salts  of  Ag,  Cu,  Pb), 
the  meso-salts  of  H-IO5  (Pb,  Ag,„  H,  Cd,  H),  the  para-salts  of  U^IOq  (Na-^H-,  Na.-.H..),  and 
the  di-salts  of  Hjl^Oo  (^i'  -^?u  ^"j)-  The  three  first  are  direct  compounds  of  the  type 
1X7,  namely,  I03(6h),  I0..(0H)3,  and  I0(0H)5,  and  the  latter  are  tj-pes  of  dii^^riodic 
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It  crystallises  from  solutions  as  a  hydrate  containing  2HyO  (corre- 
sponding with  HClO„2Hj0),  but  as  there  are  salts  containing  up  to  5 
atoms  of  metala,  this  water  must  be  counted  as  water  of  constitution. 
Therefore  I0(0H)3  =  HICSHjO  corresponds  with  the  higher  form 
of  halogen  compounds,  IXj.'^  In  decomposing  (at  200°)  or  acting  as  an 
oxidiser,  periodic  acid  first  gives  iodic  acid,  but  it  may  also  be  ultimately 
decomposed,  with  the  formation  of  hydriodic  acid. 

Thus  both  bromine  and  iodine  present  a  great  analogy  to  chlorine 
in  their  behaviour  with  various  substances,  but  nevertheless  a  series  of 
qualitative  distinctions  characterise  each  element.  The  formation  of  a 
compound  between  chlorine  and  iodine  must  be  classed  among  these 
distinctions.**  These  elements  combine  directly  together  with  the 
evolution  of  heat,  and  form  iodine  monochloHde,  ICl,  or  iodine  tri- 
chloride, IClj.'*'     As  water  reacts  on  these  substances,  forming  iodic 


eBpond  wilh  the  t^pe  of  tbe  nieHo-iialla,  hh  pyrophogiihon 


apond  wicli  oithophosphoric  ulta— i.ir.  'iH,IOi-H.jO^H,I,OB. 

^  Periodic  acid,  dJHcoTered  by  Mi^da  Aod  AmmanntilleT,  and  whoHe  sdltB  were 
iJtfrwiird»  studied  bf  Langlois,  RammeUberg,  and  miuiy  otheni,  prHM^iitB  lui  example  of 
hydmtefl  in  which  it  in  evident  that  there  ia  not  that  dialinction  between  tbe  water  of 
hydntion  and  of  eryatalhiiBtian  which  was  at  first  considered  to  be  so  clear.  Id  HC10,3HgO 
the  water,  QH^O,  in  not  dioplaced  by  basea  and  munt  be  regarded  as  water  o(  cryataJliaa- 
tion,  wbilHt  in  HIO„aH,0  it  inaat  be  regarded  as  water  of  bfdiation.  We  ahallofter- 
warde  see  tliat  the  Hystem  of  the  elemeut*  obliges  one  to  consider  the  halogens  as 
Hubfltancea  giving  a  highest  saline  type,  GXj^  if  Q  signify  a  luJogen,  and  X  oxygen 
{0  =  X,),  OH,  and  other  Uke  elements.  The  hydrate  10(0H)s  carrespoudiug  with  many 
of  the  suits  of  periodic  acid  (for  eiample,  the  salts  oi  barium,  strontium,  mercury)  does 
not  eihauHt  all  the  possible  forms.  It  is  evident  that  Tariousother  pyro-,  met*-,  d:c.,  fomia 
aie  possible  by  the  loss  of  water,  as  will  be  mare  fully  explained  in  speaking  of  phosphoric 
acid,  and  as  wsh  point<^  out  in  tbe  preceding  itnte. 

**  With  respect  to  hydrogen,  oxygen,  chlorinf,  and  otlwr  elements,  bromine  occapies 
on  intemipdiate  position  between  chlorine  and  iodine,  and  therefore  there  is  no  particnlat 
need  forlingeringover  the  compounds  of  bromine.  This  is  the  great  advantage  of  a  natural 
grouping  of  the  elements. 

"  They  were  both  obtained  by  Gay-Luasw:  and  many  otheTs.  Recent  verified  daU 
respecting  iodine  monochloride,  ICl,  entirely  confirm  the  nuraomus  observations  of  Trapp 
(IKM).  and  even  coiiGrm  his  statement  as  to  the  existence  of  two  isomeric  lliquid  and 
eryatalliiir)  forms  (Htortcnbeker).  With  a  xmall  excess  of  iodine,  iodine  inouochloride 
rmnains  liquid,  but  in  the  presence  of  traces  ol  iodine  trichloride  it  easily  crystallises. 
Schiitxenburgeramplifiedthe  data  concerning  the  actioiiof  water  on  tliecblorideH<N<iteM«)) 
and  Chtistomanos  gave  the  fullest  data  regarding  the  trii'liluridu. 

After  being  kept  for  some  time,  the  liijuid  moiiochloridu  of  iodine  yields  nil  deliiiuea. 
rent  octiiln-itra,  baving  the  composition  ICl,.  which  are  thcn'foru  tormvil  from  the  mono- 
chloride  witli  the  liberation  of  free  iodine,  which  dissotvex  in  the  remaining  quantity  of  the 
monochloride.  This  substance,  however,  jodging  by  certain  obserrations,  is  impnre  iodine 
trichloride.  II 1  part  of  iodine  be  stirred  np  in  20  parts  of  water,  and  chlorine  he  passed 
throagli  the  liquid,  then  all  the  iodine  is  dissolved,  and  a  colourless  liqnid  is  ultimalaly 
obtained  which  contains  a  certain  proportion  of  chlorine,  becaose  this  compound  gives  a 
metallic  chloride  and  iodate  with  alkalis  without  cvnhHng  any  free  iodine  :  ICIi+OKHO 
^GKCI  +  KIOjfSH.iO.  The  existence  ol  a  peiitoehloride  IClj,  is,  however,  denied, 
becHUHe  this  Habstance  has  not  been  obtained  in  a  free  state. 
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acid  and  iodine,  they  have  to  be  prepared  from  dry  iodine  and  chlorine.** 
Both  substances  are  formed  in  a  number  of  reactions  ;  for  example,  by 
the  action  of  aqua  regia  on  iodine,  of  chlorine  on  hydriodic  acid,  of 
hydrochloric  acid  on  periodic  acid,  of  iodine  on  potassium  chlorate 
(with  the  aid  of  heat,  tfec).  Trapp  obtained  iodine  monochloride,  in 
beautiful  red  crystals,  by  passing  a  rapid  current  of  chlorine  into  molten 
iodine.  The  monochloride  then  distils  over  and  solidifies  ;  it  melts  at 
27°.  By  passing  chlorine  over  the  crystals  of  the  monochloride,  it  is 
easy  to  obtain  iodine  trichloride  in  orange  crystals,  which  melt  at  34" 
and  volatilise  at  47°,  but  in  so  doing  decompose  (into  CI 2  and  ClI). 
The  chemical  properties  of  these  chlorides  entirely  correspond  with  the 
properties  of  chlorine  and  iodine,  which  would  be  expected,  because,  in 
this  instance,  a  combination  by  similitude  took  place  as  in  the  forma- 
tion of  solutions  or  alloys.  Thus,  for  instance,  the  unsatuiuted  hydro- 
carbons (for  example,  C2H4),  which  are  capable  of  directly  combining 
with  chlorine  and  iodine,  also  directly  combine  with  iodine  monochloride. 

Stortenbeker  (1888}  investigated  the  equilibrium  of  the  eystem  containing  the  mole- 
cules I2,  ICl,  ICI5,  and  CI2,  in  the  same  way  that  Roozeboom  (Chapter  X.  Note  88)  examined 
the  equiUbrium  of  the  molecules  HCl,  HC1,2H20,  and  HqO.  He  found  that  iodine 
monochloride  appears  in  two  states,  one  (the  ordinary)  is  stable  and  melts  at  27*2'^,  whilst 
the  other  is  obtained  by  rapid  cooling,  and  melts  at  IS'd'^,  and  easily  passes  into  the 
first  form.  Iodine  trichloride  melts  at  101°  only  in  a  closed  tube  under  a  pressure  of  16 
atmospheres. 

^  By  the  action  of  water  on  iodine  monochloride  and  trichloride  a  compound  IHCl^ 
is  obtained,  which  does  not  seem  to  be  altered  by  water.  Besides  this  comjKJund,  iodine 
and  iodic  acid  are  always  formed,  lOlCl  -f-  8H.jO  =  HIO5  +  5IHCI2  +  21,, ;  and  in  this  respect 
iodine  trichloride  may  be  regarded  as  a  mixture  ICl  +  ICl5  =  2ICl5,  but  ICl5  +  8H20  = 
IH0:j  +  5HC1;  hence  iodic  acid,  iodine,  the  comjwuiid  IHCla,  and  hydrochloric  acid  are 
also  formed  by  the  action  of  water. 


CHAPTER  XII 

SOPIU» 

When  common  salt  is  aubuiitte<I  tu  the  action  of  sulphuric  iicid,  as  we 
saw  in  Chapter  X.,  hydrochloric  acid  is  disengaged,  and  a  neutral  salt, 
Kodium  liulphate,  Na^SO.,,  is  formed  if  the  mixture  be  sti-ougly  heat«d 
at  the  end  of  the  reaction.  This  salt'  forms  a  colourless  saline  maes 
consisting  of  fine  crystals,  soluble  in  water.  It  is  the  product  of  many 
other  double  decompositions,  sometimes  produced  on  a  large  scale  ;  for 
instance,  it  is  formed  when  ammonium  sulphate  is  he»t«d  with  common 
salt,  in  which  cuse  the  sal-ammoniac  is  volatilised,  also  when  sulphuric 
acid  acts  on  isodium  nitrate,  itc.  A  similar  decomposition  also  takes 
place  when,  for  instance,  a  mixture  of  lead  sulphate  and  common  salt 
is  heated  ;  this  mixture  easily  fuses,  and  if  the  temperature  be  further 
raised  hea^y  vapours  of  lend  chloride  appear.  When  the  disenga^^ement 
of  these  vapours  ceases,  the  reuiaining  mass,  on  being  treated  with 
water,  yields  a  solution  of  sodium  sulphate  mixed  with  a  solution  of 
undecompoeed  common  salt.  A  considerable  quantity,  however,  of  the 
lead  sulphate  remains  unchanged  during  this  reaction,  PbSO,  +  2N'aCl 
=  PbClj  +  NajSOj,  the  vapours  will  contain  lead  chloride,  and  the 
residue  will  contain  the  mixture  of  the  three  remaining  salts.  Here 
the  decomposition  is  pi'o<luced  by  the  lead  salt  as  with  sulphuric 
acid.  The  cause  and  nature  of  the  reaction  are  just  the  same  as  were 
pointwl  out  when  consi<lenng  Berthollet's  doctrine.  And  here  it  may 
evidently  be  shown  that  the  double  decomposition  is  not  determined 
by  any  other  means  than  the  removal  of  the  substance  formed  from 
the  sphere  of  the  action  of  the  remaining  substances.      This  is  seen 

■  WJiiUt  dpHcribiiig  in  some  (letnil  [lie  pri^pertieM  of  Moiliiini  chloride,  hydrochlorio 
acid,  unil  Bodiam  sulphate,  I  wiah  to  impart  a  conceplioii,  hy  aepuata  eiuuplea,  ol 
the  properties  of  uliDe  lubatanifeii,  hut  the  JimeHBioiiH  of  thiH  treatiiie  uid  its  purpoiie 
Hiul  Him  do  not  peimit  the  poiwibilit;  of  entering  into  pHrtiuulArn  concerning  ever; 
»i]t,  u;id.  or  other  aubBtance.  The  fundAmenlal  object  of  tliia  work— «n  kCOOUQt  of 
tlie  fbanctoriHlicB  of  the  elomeiita  and  an  aci|uaintaDCH  witii  tiie  forces  acting  betweau 
■tonix — hHH  noUiiiig  to  g&in  f roil)  the  multiplication  of  the  number  of  as  fet  aDgeoeraliied 
properties  and  rel&lions. 


606  PRINCIPLES   OF  CHEMISTRY 

from  the  fact  that  sodium  sulphate,  on  being  dissolved  in  water  and 
mixed  with  a  solution  of  any  lead  salt  (and  even  with  a  solution  of  lead 
chloride,  although  this  latter  is  but  sparingly  soluble  in  water),  imme- 
diately gives  a  white  precipitate  of  lead  sulphate.     In  this  case  the 
lead  takes  up  the  elements  of  sulphuric  acid  from  the  sodium  sulphate 
in  the  solutions.     On  heating,  the  reverse  phenomenon  is  observed. 
The  contrary  reaction  in  the  solution  is  founded  on  the  insolubility  of 
the  lead  sulphate,  and  the  phenomenon  which  takes  place  on  heating  is 
founded  on  the  volatility  of  the  lead  chloride.     Let  us  cite  other  ex- 
amples of  doable  decompositions  in  solutions  giving  sodium  sulphate. 
Silver  sulphate,  Ag2S04,  when  treated  with  common  salt,  gives  silver 
chloride,  because  it  is  insoluble  in  water,  Ag.2S04  -f  2NaCl  =  Na2S04 
4-  2AgCl.      Sodium  carbonate,  mixed  in  solution  with  sulphates  of 
iron,  copper,  manganese,  magnesium,   «fec.,   gives  in  solution  sodium 
sulphate,  and  in  the  precipitate  a  carbonate  of  the  corresponding  metal, 
because  these  salts  of  carbonic  acid  are  insoluble  in  water ;  for  instance, 
MgS04  4-  NaaCOa  =  Na2S04  -f  MgCOg.     In  precisely  the  same  way 
sodium  hydroxide  acts  on  solutions  of  the  majority  of  the  salts  of 
sulphuric  acid  containing  metals,  the  hydroxides  of  which  are  insoluble 
in    water— for     instance,     CUSO4  +  2NaH0  =  Cu(H0)2  +  Na.^S04. 
Sulphates   of  magnesium,   aluminum,    iron,  <tc.,   on  being   mixed    in 
solution  with  common  salt,   ought  to  fonn  chlorides  of  magnesium, 
aluminium,  ikc,  and  sodium  sulphate,  as  the  above-mentioned  chlorides 
are  more   soluble  in  water  than  sodium  sulphate.      On  cooling  the 
mixture  of  such  (concentrated)  solutions  sodium  sulphate  is  deposited. 
This  is  made  use  of  for  preparing  it  on  the  large  scale  in  works  where 
sea  water  is  treated.     In  a  similar  way  sodium  sulphate  is  prepared  by 
the  aid  of  the  magnesium  sulphate  which   is  found  in  large  quantities 
in  Stassfurt  in  the  seams  of  common  salt.     In  this  case,  on  cooling, 
the  reaction  2NaCl  4-  MgS04  =  MgCl.^  +  Na2S04  takes  place. 

Thus  where  sulphates  and  salts  of  sodium  are  in  contact,  it  may 
always  be  expected  that  sodium  sulphate  will  be  formed  and  sepa- 
rated if  the  conditions  are  favourable  ;  for  this  reason  it  is  not  sur- 
prising to  often  find  sodium  sulphate  in  the  native  state.  Some  of  the 
springs  and  salt  lakes  in  the  steppes  l^eyond  the  Volga,  and  in  the 
Caucasus,  contain  a  considerable  quantity  of  sodium  sulphate,  and  yield 
it  by  simple  evaporation  of  the  solutions.  Beds  of  this  salt  are  also 
met  with  ;  thus  at  a  depth  of  only  5  feet,  about  38  versts  to  the 
east  of  Tiflis,  at  the  foot  of  the  range  of  the  *  Wolf's  mane'  (Voltchia 
griva)  mountains,  a  deep  stratum  of  very  pure  Glauber's  salt, 
NaSO4,10H2O,  has   been  found.^      A  layer  two  metres  thick  of  the 

^  Anhydrous  (heated)  sodium  sulphate,  Na2S0.i,  in  trade  is  known  as  '  sulphate  '  or 
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same  salt  lien  at  the  bottom  of  several  lakes  (an  area  of  about  10 
square  kilometres)  in  the  Kouban  district  near  Batalpaschlnsk,  and 
here  its  working  has  been  commenced  (1887).  In  Spain,  near  Aran- 
gouiz  and  Madrid,  mineral  sodium  sulphate  lias  likewise  been  found, 
and  is  already  being  worked. 

The  methods  of  obtaining  salts  by  means  of  double  decomposition 
from  others  already  prepared  are  so  general,  that  in  describing  a  given 
salt  there  ia  no  necessity  to  enumerate  the  cases  hitherto  observed  of 
its  being  formed  through  various  double  decompositions.*  The  possi- 
bility of  this  occurrence  ought  to  be  foreseen  according  to  Berthollet's 
doctrine  from  the  properties  of  the  salt  in  question.  On  this  account 
it  is  important  to  know  the  properties  of  salts  ;  all  the  more  so  because 
up  to  the  present  time  those  very  properties  (solubility,  formation  of 
cry atallo- hydrates,  volatility,  Jtc.)  which  may  be  made  use  of  for  sepa- 
rating them  from  other  salts  have  not  been  generalised.'  These  pro- 
perties as  yet  remain  subjects  for  investigation,  and  are  rarely  to  be 
foreseen. 

Soilium  sulphate  very  easily  parts  with  water,  and  may  be  obtained 
in  an  anhydrous  stat«  if  it  be  carefully  heated  until  the  weight  re- 
mains constant ;  but  if  heated  further,  it  partly  loses  the  elements  of 
sulphuric  anhydride.  It  fuses  at  661°  (red  heat),  and  volatilises  in  a 
small  proportion  when  very  strongly  heated,  in  which  case  it  naturally 
decomposes.  At  0°  in  100  parts  of  water,  5  parts  of  the  anhydrous 
salt  dissolve,  at  10'  9  parts,  at  20°  19  4,  at  30°  40,  and  at  34°  55  parts, 
the  same  being  the  case  in  the  presence  of  an  excess  of  crystals  of 
NaaSO4,10HjO.'     At  34°  the  latter  fuses,  and  the  solubility  decreases 

iutlt-ciiki>.  in  minetalogy  IheiiardiU.  Crystalline  decohydrated  Bait  is  termed  in  mine- 
taXngy  miribilile.  On  fusing  it,  the  monohyarate  Nii,SO.HjO  is  obtained,  tnifethor 
Hi(h  II  -upfmatDrated  eolution. 

^  The  B&lta  may  be  obtained  not  only  by  methods  of  subHlitQtion  of  vaiioue  kinds,  but 
aim  by  muny  other  combinations.  Thus  endiam  salpliate  may  be  formed  from  sodium 
oiide,  and  ^alphuric  anhydHde  by  oiidising  sodiuin  sulphide,  Xa,».  sodium  sulpbile, 
N'u»»0.-„  ic.  When  sodiam  chloride  i*  heated  in  a  mixture  of  llie  vB|>ourH  of  water,  air, 
and  sulphuric  anhydride,  sodiam  Bulphatv  is  formed. 

•  Muny  obsenralions  linva  been  made,  but  liWIe  general  information  has  been  eitracled 
frtim  imrticnlar  rAHen.     In  addition  to  which,  the  properties  of  a  given  salt  are  changed 

tii>ii  or  formation  of  double  aults  capable  of  separate  eiialence,  but  is  dettn'inined  by  tha 
inUueiiee  nbich  some  salts  eiert  on  others,  or  by  forces  similar  to  those  which  act  during 
decoinpo-ilion.  Here,  nothing  has  been  generalised  to  that  eitent  which  would  render 
it  possible  lo  torel«li  uninvestigated  eiamplea.  Let  us  state  one  of  these  numerona 
cases:  100  partsof  water  atSCdissolveei  parlsof  potassium  nitrate,  baton  theaddJtioD 
nf  sodium  nitrate  the  solubility  of  poUssiom  nitrate  increases  to  IB  parti  in  100  of  water 
(Cami'lley  and  Thomson).  In  general,  in  all  cases  of  which  there  are  accurate  observa. 
tinns,  it  appears  that  tht  presence  of  foreign  salts  changes  the  property  ol  any  given 
salt. 

>  Tlie  information  concerning  solubility  (Chapter  I.  p.  73)  is  given  according  lo  tlie 
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at  higher  t-emperatures.''  A  txmcentrated  solution  at  34°  has  a  ctmiposi- 
tion  nearly  approaching  to  NajSOj  +  UH^O,  and  the  detahyd rated 
aalt,  when  mixed  with  100  parts  o£  water,  contains  (8-9  of  tie 
anhydrous  salt,  from  whence  it  is  seen  that  the  decahydrated  salt 
cannot  fuse  without  decomposing,"  similarly  to  hydrate  of  chlorine 
Clj,8HjO,  or  sulphurous  acid,  80j,7H20.  Not  only  t!ie  fused  deca- 
hydrated salt,  but  also  the  concentrated  solution  at  34°  {not  all  at  once, 
but  gradually),  yields  the  monohydrated  salt  Na^SO^jHiO.  The  beptft- 
hydrated  salt,  NajSO^.THjO,  also  B]>lits  up,  even  at  low  tetui>eratiir«6, 
with  the  formation  of  this  monohydrated  salt,  and  therefoi-e  from  35° 
the  solubility  can  be  given  only  for  the  latter,  and  it  is  as  follows  for 
100  parts  of  water  :  at  40°  iSS,  at  50°  46-7,  at  BO"  43-7,  at  100°  la-S 
parts  of  the  anhydrous  salt.  If  the  decahydrated  salt  be  fused,  and 
the  solution  be  allowed  to  eool  in  the  presence  of  the  monuhydrnted 
salt,  then  at  30°  50'4  parts  of  anhydrous  salt  are  retained  in  the  solu- 
tion, and  at  20°  53'8  parts.  Hence,  with  respect  to  the  anhyilrous  and 
monohydrated  salts,  the  solubility  is  one  and  the  same,  and  iuMs  with 

'  In  Chapter  T.  Xots  'U,  we  have  already  seen  that  witll  0111117  otfaoi  tulpUale*  ■&■ 
solnbilit;  bIbo  deoreaccB  after  a  certain  temperature.  Gypaom,  CaBO(,^aU,  linie.  and 
manj  other  compounds  present  "uch  a  phenomenon,  not  as  jet,  liowevcr,  Ihonnugbly 
investigated.  The  obaerration  of  Tilden  und  Shonstone  (1SS4)  is  nuurt  iiistractirv,  and 
ahoWfl  that  on  rmsing  the  temperature  (id  cleaed  vessels)  above  14(F  tha  HaliibLlitf 
of  eodinm  sulphate  again  begins  to  incresw.  At  101)'^,  100  parts  of  water  diuolve  kboot 
40  puis  uf  HnhydroQB  salt,  at  140°  12  parts,  at  160"  4ii  parts,  at  160°  U  i>arts,  at  SaD* 
46  [iiLrtB.  It  is  evident  that  the  phenomenon  of  sstn  ration,  determined  by  the  preueneeol 
an  ei4wss  of  (he  dissolved  substance,  is  very  complex,  and,  therefore,  tor  the  theory  ot  •oln- 
tions  considered  as  liquid  indefinite  chemical  compoundB,  many  useful  result*  can  hardly 
be  given ;  more  especially  as  the  phyaico-mechanieal  side  of  the  traiiaitioii  ol  the  solid 
into  the  liquid  condition  (or  the  reverse)  is  up  to  the  present  time  lea*  clmu'l)-  andsntiMd 
in  theory  than  the  tranHition  of  a  liquid  into  vapour.  ' 

'  As  has  been  referred  to  in  Chapter  I.  Note  HI. 

The  example  ot  aoiliauisalpliale  is  historically  rery  impnrlAat  for  the  theorj-  ot  raln- 
tions.  Notwithstanding  the  mass  of  investigations  whieli  luve  been  made,  il  is  Mill  , 
insufficiently  stuilied,  especially  from  the  point  of  thu  vaponr  lenuon  of  solutioiu  and 
eryetallo-hydratea,  so  (hat  tboee  processes  catmoC  be  applied  to  it  which  Quldbarg, 
Roozeboom,  Van'l  Hoff,  anil  others  applied  to  solntious  and  crystnllo-bydrateii,  It  vonld 
also  be  moat  important  to  investigate  the  inflaonue  of  pressure  on  the  viuiout  pheacancnia 
mtrespundingwiththecambinatiausol  water  and  sodium  sulphate,  becHUSewhen  0I7slal« 
are  separated — for  instance,  in  the  decahydrated  salt — an  increase  of  volume  talcea  pUca, 
as  can  be  seen  from  the  following  data ; — (lie  sp,  gr.  ot  tbe  anhydrous  salt  is  3-(\a,  thai 
of  the  decahydrated  suit  ^l'4a,  but  the  sp-gr.  ol  solutions  at  16°/4''-Beg3-(-9U'aj9-t  O-Sip* 
it  p  represents  the  percentage  of  anhydrous  salt  in  the  Bolution,  and  if  the  sp.  (p.  ol 
water  at  4°^10000,  Hence,  for  sDlutions  containing  30°  of  oidijdrouH  Hilt,  lb*  sp,  fgt. 
-rinnfl;  therefore  the  volume  of  100  grama  of  Uiis  solution  =Sa'So.o.,  and  the  valunie  ol 
onbydrouB  salt  contained  in  it  is  equal  to  90i9'0a,  or  =7'S  cc,  and  the  volume  of  watn 
=i^80'I  c.c.  Therefore, , tbe  solution,  on  decomposing  into  aiihydroos  salt  and  w^W^ 
iiicreaeesin  volume  (bum  SH'M  toST'U)i  but  in  the  same  way  S8-S c.c.  of  HO  p.c.  aolationwe 
formed  from  {t5-i;l'ie  =  j  31-1  c.c.of  tlie  decahydrated  salt,  and  Sl'O  u.c.  of  water — U)«t  ia 
to  say,  tliat  daring  the  formation  of  a  solution  fromSfi-T  c.c,  88'S co.  are  formed. 
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tlie  temperature,  whilst  with  respect  to  decahydrated  salt,  the  solubility 
rises  with  the  temperature.  So  that  if  in  the  presence  of  a  solution  of 
sodium  sulphate  there  be  only  crystals  of  that  heptahydrated  salt 
(p.  59)  Na._.S0„7H]0  which  is  formed  from  saturated  solutions,  then 
saturation  .sets  in  when  the  solution  has  the  following  compositioa  per 
100  parts  of  salt :  at  0°  19-6,  at  10°  30-5,  at  20=  447,  and  at  25" 
52!)  parts  of  anhydrous  salt.  Above  27"  the  heptahydrated  salt,  like 
the  decabydrated  salt  at  34°,  splits  up  into  the  monohydrated  salt  and 
a  saturated  solution.  Thus  sodium  sulphate  has  three  curves  of  solu- 
bility :  one  for  Na.^SO^.THjO  (from  0°  to  26°),  one  for  Na^8O„10HjO 
(fi-oiii  0°  to  34°),  and  one  for  NajSO.jH.iO  (a  descending  curve  begin- 
ning at  26°),  because  there  are  three  of  these  crystallo-hydrates,  wiiilst 
the  solubility  can  only  be  referred  to  a  definite  state  of  a  substance 
which  is  present  (or  separated)  in  excess.' 

Thus  solutions  of  sodium  sulphate  give  crystal  Id -hydrates  of  three 
kinds  on  cooling  the  saturated  solution  :  the  unstable  equilibrium  of 
the  heptahydrated  salt  at  temperatures  below  26°,  the  decahydrated 
snlt  forms  under  ordinary  conditions  at  temperatures  below  34°,  and 
the  monohydrated  salt  at  temperatures  above  34°.  Both  the  latter 
crystnllo-hydrates  present  a  stable  state  of  equilibrium,  and  the  hepta- 
hydrated salt  decomposes  into  them,  probably  according  to  the  equa- 
tion 3Xft,S04,7H,0  =  2Na,SO„10H,O  +  Na,SO„H^O.  The  ordl- 
nary  decahydrated  salt  is  called  Glauber's  taU.  All  forms  of  these 
crys till lo- hydrates  entirely  lose  their  water,  and  give  the  anhydrous  salt 
when  dried  over  sulphuric  acid.^ 

Sodium  sulphate,  NajSO,,  enters  into  only  a  few  reactions  of  com- 
bination with  other  salts,  and  chiefly  with  salts  of  the  same  acid, 
forming  double  sulphates.     Thus,  for  example,  if  a  solution  of  sodium 

'  Fri>iii  Cliis  eiumpU  it  i»  eridcnt  that  the  phenomena  of  Hitnration  are  not  able 
to  o'lntril.iitt'  much  t^waidg  the  andernUndrng  of  Holntionn  thennwlven.  The  luilation 
rfiiiiiiti-:  tlie  ■Mine.  Lut  (rom  the  contHct  o(  b,  solid  it  becames  fHher  BAturateil  or  anper- 
snturHii-il,  lifranw!  cryHtikllinatiun  ia  determioed  by  the  attnction  to  &  solid,  sh  the 
plieiioniciKiii  of  HUpemntariition  Rleuly  demonstrates. 

'  Aomnlinf;  to  tlie  demnnstnitions  of  Pickering  (1HS6),  the  rTiolecnlar  weight  in  eruna 
llhHt  i*.  113  fnvma)  of  iLntiydmas  sodium  anlphate,  on  being  diswlyed  in  h  \*xge  mass  of 
wHter.  lit  II'  abwitlis  (therefore  the  —  sign)  —1100  heat  n  nits,  at  lO-TUU,  utlli^-aTG.at 
2«=(-iv.soiit)  +25",  at  aS^J+MOOcaloriea.  Forithe  decahydrated  mlt  S«.,SO„ltiHjO, 
.-.  -4a-Jfi.IU--4(M)0,lS=-aBTl),20°-8100,a-'.= -377.1.  Hence(justB«  in  Chapter  I.  NoteSa) 
tliflientof  th«  combination  Nb.,3O„10H,O  at  0"=  +U12S,  10°  =  +S2K),  aO°<=  -I-S900 
and  aso  =  +  8050. 

It  in  evident  that  the  dscahjdra(«d  salt  dissolring  in  water  jtirea  a  dacreaieot  temps- 
ratnre.  tjolutionsin  hydrochloric  acid  give  a  still  greater  decrease.  becauM  the  wbI«i  of 
crystsllisation  is  here  taken  ina  solid  state— that  is,  like  ice— and  on  melting  absorbs  bMt. 
Amixtareof  IG  parts  of  NaiSOi.lOHiO  and  13  puts  of  strong  hydrochloric  acid  prodnoM 
Enffii-ieiit  cold  to  freeze  water.  Daring  the  treatment  with  hydrochloric  acid  >  oerUin 
i|uantity  of  sodinm  chloride  is  formed. 
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sulphate  be  mixed  witb  a.  solution  of  alumiuium,  magnesiuiu,  or  ferrous 
sulphate,  it  give*  crystals  of  a  double  salt  when  evaporated.  Sulphuric 
acid  itself  forma  a  compound  with  sodium  sulphate,  which  is  exactiy 
like  these  double  salts.  It  is  formed  with  great  ease  if  sodium  sulphate 
is  dissolved  in  sulphuric  acid  and  the  solution  be  evaporated.  On 
eyaporation,  crystals  of  the  acid  salt  separate,  Na,SO,  +  H,SO, 
^SNaHSO^.  This  separates  from  hot  solutions,  whilst  the  crystallo- 
hydrate  NaHSOj.HjO'"  separates  from  cold  solutions.  The  ciystak, 
when  exposed  to  damp  air,  split  up  into  i£jSO^,  which  deliquesces,  and 
Na^HO^  (Ciraham,  Rose)  ;  alcohol  also  extracts  sulphuric  acid  fi-om  the 
acid  salt.  This  shows  the  feeble  force  which  holds  the  sulphuric  acid 
to  the  sodium  sulphate."  Both  acid  sodium  sulphate  and  all  mixtures 
of  the  normal  salt  and  sulphuric  ivcid  lose  water  when  heated,  and  are 
converted  into  sodium  pyrosulpkate,  Na^SjOj,  at  a  low  retl  heat.  Thia 
anhydrous  salt,  at  a  bright  red  heat,  parts  with  the  elements  of 
sulphuric  anhydride,  the  normal  sodium  sulphate  reniaining  behind — 
Na^SjOj  =  Nft^SO,  +  SOj,.  From  this  it  is  seen  that  tiie  normal  salt 
is  able  to  combine  with  water,  with  other  sulphates,  and  with  sulphuric 
anhydride  or  acid,  ic' ''' 

Hodium  sulphate  may,  by  double  decomposition,  be  converted  into 
a  sodium  salt  of  any  other  acid,  by  means  of  heat  and  taking  advantage 
of  the  volatility,  or  by  means  of  solution  and  taking  advantage  of  the 
diSereut  degree  of  solubility  of  the  dilTerent  salts.  TIius,  for  instance, 
owing  to  the  insolubility  of  barium  sulphate,  sodium  hydroxide  or 
caustic  soda  may  be  prepared  from  sodium  sulphate,  if  barium  hydroxide 
be  added  to  its  solution,  Na^SO,  +  Ba(HO),i  =  BaSO(  +  :;NaHO.  And 
by  taking  any  salt  of  barium,  BaX.j,  the  corresponding  salt  of  sodium 

"<  The  very  large  fxiA  well.fonned  I'lyeUls  of  tiita  eaJt  leiHUnljIti  tlie  hydrUa 
H.,80„H,0,  or  BO{OH),.  In  geoeml  O18  rrpliiceineiit  of  liydrogon  bj  sodiain  roodiEm 
omiiy  of  the  pmpertles  of  adds  leas  than  its  replacement  by  other  iDetkli.  Tliis  moat 
probkblir  depends  im  the  volniiieB  being  nearly  eqnaL 

"  In  oointion  (Berlhelot)  Ihe  kcid  Bait  io  all  pTobubilit;  decompases  nuwt  in  Uu 
grealiait  niase  of  wKter.  Tbo  npeciflc  gravity  (aflcordia);  to  the  detenniuatian*  ol 
Marignao)o(HOlntionBall6°/*'-flaBa  +  77Uap  +  0'aBly»(«B<'Note7).  From  these  Hgni««, 
■nd  Irom  the  Rpecifle  gmritieiof  aulpbnric  acid,  it  is  evident  that  on  mixing  eolutiou*  of  thii 
Mid  and  nodinm  sulphate  eayiwMtwmill  alwuya  lake  place ;  for  iiiiiUiice,H,S0,4-SGH,0 
with  KB]90ti-SGH]0  inoreasea  from  188  volumeii  to  480.  Li  addition  to  which,  in  Weak 
Holutiona  beat  is  ubftorbed,  aa  ahown  in  Chapter  X.  Nate  ST.  Nevurtbeleiig,  even  more 
ftcirt  uUtB  maj  be  formed.  For  instance,  on  cooling  a  nolution  of  1  par^  of  ■odiam 
HulpbKte  in  T  pATta  of  sulphuric  acid,  crjBtala  of  Uie  compoHition  NaHSO„H^O, 
ateeeparaled  (Schnlti,  1808).  Tliis  fuaea  at  about  100= ;  the  ordinary  acid  salt.  NaHSOi. 
at  1*8". 

"*  In  order  to  demonslrala  the  weokneHH  of  the  bond  acting  in  eodiiuti  liydrogen 
solphale,  NaHS04,  it  is  niefol  to  remember  that  dii  decreaaing  the  preHUre  this  salt  di«- 
•ociales  mnch  more  easily  than  at  the  ordinary  prassare;  it  loses  water  nnil  tormi  tka 
pfrosulphate,  i^^jSiOi ;  this  reaction  is  ntiliaed  in  theinical  works. 
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iM&y  be  obtained,  KagSO,  +  BaX,  =  BaSO,  +  2NaX.  Barium  sulphate 
thus  formed,  being  a  very  sparingly- sol nble  salt,  is  obtained  as  a  pre- 
cipitate, whilst  the  sodium  hydroxide,  or  salt,  NaX,  is  obtained  in 
solution,  because  all  salts  of  sodium  are  soluble.  BerthoUet's  doctrine 
permits  all  such  cases  to  be  foreseen. 

The  reactions  of  decomposition  of  sodium  sulphate  are  above  all 
noticeable  by  the  separation  of  oxygen.  Sodium  sulphate  itself  is  very 
stable,  and  it  is  only  at  a  temperature  sufficient  to  melt  iron  that  it  is 
possible  to  separate  the  elements  SO,  from  it,  and  then  only  partially. 
However,  the  oxygen  may  be  sepai-ated  from  sodium  sulphate,  as  from 
all  other  sulphates,  by  means  of  many  substances  which  are  able  to 
combine  with  oxygen,  such  as  charcoal  and  sulphur,  but  hydrogen  is 
not  able  to  produce  this  action.  If  sodium  sulphate  be  heated  with 
charcoal,  then  carbonic  oxide  and  anliydride  are  evolved,  and  there  ia 
produced,  according  to  the  circumstances,  eitlier  the  lower  oxygen 
compound,  sodium  sulphite,  Na^SOj  (for  instance,  in  the  formation 
of  glass) ;  or  else  the  decomposition  proceeds  further  and  sodium 
sulphide,  Xa^S,  is  formed,  according  to  the  equation  Na^SO,  +  3G 
=  2CO.J  +  Na,^S. 

On  the  basis  of  this  reaction  the  gi'eat«r  part  of  the  sulphate  of 
sodium  prepared  at  chemical  works  is  converted  into  soda  ash — ^that  is, 
sodium  carbonate,  NajCOj,  which  is  used  for  many  purposes.  Tn  the 
form  of  carimnates,  the  metallic  oxides  l)ehave  iu  many  cases  just  as 
they  do  in  the  state  of  oxides  or  hydroxides,  owing  to  the  feeble  acid 
properties  of  carbonic  add.  However,  the  majority  of  the  salts  of 
carbonic  acid  are  insoluble,  whilst  sodium  carbonate  is  one  of  the  few 
soluble  salts  of  this  acid,  and  therefore  reacts  with  facility.  Therefore 
soiHum  cftrlronate  is  employed  for  many  purposes,  in  which  it  acts  owing 
to  its  alkaline  pn>pei'ties.  Thus  sodium  carbonate,  even  under  the  action 
of  feeiile  organic  acids,  immediately  parts  with  its  carbonic  acid,  and 
gives  a  sodium  salt  of  the  acid  taken.  Furthermore,  its  solutions 
alrea<ly  exhibit  an  alkaline  I'eaction  on  litmus,  and  in  many  cases  are 
able  to  act  as  an  alkali.  Thus,  for  instance,  sodium  carbonate,  like  the 
alkalis,  aids  the  juLssage  of  certain  organic  substances  (tar,  acids)  into 
solution,  and  is  therefore  used,  like  alkalis  and  soap  (which  also  acts 
by  virtue  of  the  alkali  it  contains),  for  the  removal  of  certain  organic 
substances,  especially  iu  bleaching  tissues  in  cotton  and  similar  works. 
Besides  which,  a  considerable  quantity  of  sodium  carbonate  is  used 
for  the  preparation  of  sodium  hydroxide  or  caustic  soda,  which  has 
also  a  very  wide  application.  In  large  chemical  works  where  sodium 
carbonate  is  manufactured  it  is  usual  to  first  manufacture  sulphuric 
acid,  and  then  by  its  aid  to  convert  common  salt  into  sodium  sulphate. 
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and  lastlv  to  oorivert  ^h*?  -jodiam  sulphate  thoa  obtainfid  into 
nate  an«i  •ao.-zfi';  -soda.  Hi*n<.^  th^r^  wi>rk.>  prepare  g-IVa.li no  sabetazices 
f-€idA  a.'.h  an«l  oaast ic  soda*  and  a«:id  substAn»:»*s  (solphuric  and  hvdro- 
chl'-jn-  i^-i'l-  .  rhrjme  two  t'^rms  of  chemical  pnjdacts  which  are  dis- 
tir*(^iL-.hf^l  tor  the  irreaiest  enerjv  of  their  reactions*  and  which  are 
thrrf-ior^  fr*:'ja':ntly  applie*"!  to  technical  purposes.  And  therefore  the 
work.s  manufacrarin^  so* la  an*  generally  called  chemical  works  (alkali 
works  I. 

TYi^i  prore^-  of  the  convrrsi«>n  of  sodium  .sulphate  into  sixliam 
carV>nate  «:ori-isr-!  in  -tron^ly  heating?  a  mixture  •>£  the  sulphate  irith 
char»x»al  and  calcium  carbi>riate.  Th»=*  following  reactions  then  take 
place  :  the  .r«vliurn  sulphate  is  tirst  d-<>xidised  by  the  charcoaL  fc»-niin£r 
Aorlium  sulphide  and  c;irU»ni«:  .in hydride.  Xa.y'*^<  >;  -i-  2C^Xa^S  -h  2CO... 
'flie  S'-j'liurn  s'ilphid»=-  thas  forme^'I  then  enters  into  double  decom posi- 
tion with  the  cjtlcium  carbr»nate  taken  and  drives  calcium  sulphide  and 
sodium  carb«>nare,  Xa  ,S  -i-  CaO  >,  =  Xa^O  V^  -h  Ca:^. 

IJf^ides  which,  under  the  action  **{  the  heat,  a  f>ortion  of  the  excess 
of  calcium  carb>riate  is  decompos*^!  intr»  lime  and  carb«.»nic  anhvdride, 
CaC^>3=Ca<  )-i-0  ^,  and  the  carlx)nic  aniiydride  with  the  excess  of 
charr:o?il  forms  carbon  mon«>xide,  which  towards  the  end  of  the  opera- 
tion shows  itself  by  the  apj^^arance  of  a  blu*-  flame.  Thus  from  a  mass 
containiniT  so^^lium  sulphate  we  obtain  a  mass  which  includes  sodium 
carl>oriate,  calcium  sulphide,  and  calcium  «>xide,  but  none  of  the  sodium 
sulpliide  first  f«'rme<l,  or.  striftly  -ipf-akinix.  only  a  .>mall  pwrtion.  The 
entire  prry?ess.  whi*.h  pro«?e*»ds  at  a  liiirii  temy^rature,  may  be  e.xpiessed 
by  a  combination  of  the  three  alx>ve-mentionr<l  formula*,  if  it  be  taken 
into  fy>n*ideration  that  the  pnxluct  contain^  one  etjuivalent  of  calcium 
oxide  to  two  cjuivalfnts  of  calcium  sulphide.^-  The  sum  of  the 
reactions  may  then  l>e  expressed  thus  :  I'Xa^SO,  +  3CaCOj  +  9C 
=  JNa/JO,  ^  CaO,2CaS  -^  lOO).  Indee.],  the  quantities  in  which 
the  substances  are  mixe<l  toi^'ether  at  chemical  works  approaches  to  the 
profKjrtion  required  by  this  equation.  The  t*ntire  process  of  decompo- 
sition is  carried  on  in  reverl>erator\'  turna«es,  into  which  a  mixtore  of 
1000  parts  of  sr»fHum  sulphate,  1040  pi\rts  of  calcium  carbonate  (as  a 

*''  C.il'  iurn  -iilf-hi'l*-,  CaS.  likv  rn^ny  luet.j'.Wo  sulphides  which  are  soluble  in  water,  i-* 
*le^.oinpi-*.'d  by  water  'ijavre  4'J»"«  .  (!aS -H^O -(.'<iO- H^S.  iK-caujie  hydrogen  nalphide  is 
a  \(.-r\  Ur*:\Afc  jic.id.  If  CAlciuiii  suli)hi<le  he  acted  ()n  by  a  liir;;:e  niass  of  water,  liiue  may 
}t*:  pr*roi|»itatfr<I,  a  ^tate  of  eqiiilibnum  will  1>-  *-iil*-reil  on.  when  the  system  CaO-2CaS 
n-main-^  unchanged.  Lime,  V>^in^r  the  priHiiict  <.f  the  action  »>f  water  on  CaS.  limitft 
thi-^  ,uti'>n.  Tlierefore.  if  in  >>lack  a^^h  th.-  lime  wa>  not  in  excess,  a  part  of  the 
(•wlphide  <oniix»undfl  wonld  }ye  in  eolation  i actually  there  is  bat  verj-  little"!.  In  tliis 
niiinn«T  in  the  manufacture  of  i^xlium  carlH.»n.ite  the  con<litions  of  equilibrium  which 
ent*-r  into  double  decomposition^  have  been  made  u-^  of  y.fee  atKH'e),  and  the  aim  is  to 
fonn  directly  the  unchangeable  product  CaO,*2CaS.  Tliis  was  first  regarded  as  a  special 
ins^^luble  compound,  but  nothing  points  to  its  independent  existence. 


somewhat  poraus  limestone),  and  500  parts  of  small  coal  is  charged  I 
from  above.  This  mixture  is  tirst  heated  in  the  portion  of  the  fumaoe  J 
which  is  furthest  removed  from  the  fire-grate  ;  it  is  then  brought  to  the 


-..hlnchnrp-Hifroniaboi 
m  tar  alnin^j  mid  briniflf 

portion  aeareist  to  the  fire-grate,  when  it  is  stirred  during  heating. 
The  partially 'f used  mass  obtained  at  the  end  of  the  process  is  cooled,  i 
and  then  subjected  to  methodical  lixiviation  '^  tji  extract  the  sodium   { 

'^  ISethjidicat  tij:ivialion  La  the  exlraoti 
from  Ibe  masB  coatiuDm^  it-    It  U  carried 
und  ID  sDch  •  way  thut  (he  reaidoQ  hLilII  n< 
(irohlam  is  pnieUcally  of  great 
fioiu  the  niHSH  nil  that  is  solabi 


■  then  decanted,  Uwn  w: 

poured  an,  time  being  allowed  tor  it  to  act;  then  again  decanted,  and  *o  o 

water  doe«  not  take  up  anytbin);.    But  then  finally  snch  weak  calntjons  are  ob 

that  it  would  be  very  diaadvantageous  to  evaporate  them.    Thia  i>  avoided  bjr  p 
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carbonate,  the  mixture  of  calcium  oxide  and  sulphide  forining  the 
called  *soda  waste/'** 


the  fresh  hoi  water  deBtined  for  the  lixiviation,  not  on  the  fresh  mass,  bat  apon  a 
abready  subjected  to  preparatory  lixiviation  by  means  of  weak  solutions.    In  this  way  the 
fresh  water  gives  a  weak  solution.     The  solution  which  is  obtained  flows  to   those 
parts  of  the  appaxatus  which  contain  the  fresh,  as  yet  unlixiviated,  mass,  and  thas  in 
the  latter  parts  the  weak  alkali  formed  in  the  other  parts  of  the  apparatus  becomes 
saturated  as  for  as  possible  with  the  soluble  substance.   Generally  several  intercommuni- 
cating vessels  are  constructed  (standing  at  the  same  level)  into  which  in  torn  the  h^sh 
mass  is  deposited  which  is  intended  for  lixiviation ;  the  water  is  poured  in,  the  <tlfc»^li 
drawn  off,  and  the  lixiviated  residue  cleared  out.    The  illustration  represents  such  an 
apparatus,  consisting  of  four  communicating  vessels.   The  water  poured  into  one  of  them 
flows  through  the  two  nearest  and  issues  from  the  third.     If  the  fresh  mass  be  placctd  in 
one  of  these  cases  or  vessels,  the  stream  of  water  passing  through  the  apparatus  is 
directed  in  such  a  manner  as  to  finally  issue  from  this  vessel  containing  the  fresh  nn- 
lixiviated  mass.     The  fresh  water  is  added  to  the  vessel  containing  the  matter  which  is 
almost  completely  exhausted.     The  fresh  water  passing  through  this  vessel  is  conveyed 
by  the  pii)e  (syphon  passing  from  below  the  first  case  to  the  top  of  the  second)  communi- 
cating with  the  second  ;  it  finally  passes  (also  through  a  syphon  pipe)  into  the  case  (the 
third)  containing  the  fresh  stuff.     The  water  will  extract  all  that  is  soluble  in  the  first 
vessel,  leaving  only  an  insoluble  mass.     This  vessel  is  then  destined  to  be  emptied,  and 
refilled  with  fresh  matter.     The  level  of  the  liquids  in  the  various  vessels  will  naturally 
be  different,  in  consequence  of  the  various  strengths  of  the  solutions  which  they  con- 
tain. 

**  The  whole  of  the  sulphur  used  in  the  production  of  the  sulphuric  acid  employed  in 
decomposing  the  common  salt  enters  into  tliis  residue.  This  residue  carrying  off  the 
sulphur  is  the  great  burden  and  expense  of  the  soda  works  which  use  Leblanc*8  method. 
As  an  instructive  example  from  a  chemical  point  of  view  it  is  worth  while  describing  here 
one  of  the  various  methods  of  regaining  the  sulphur  from  the  soda  waste. 

Kynaston  (1885)  treats  the  soda  waste  with  a  solution  (sp.  gr.  1*21)  of  magnesium 
chloride,  which  disengages  sulplmretted  hydrogen  :  CaS  +  MgCLj  +  2H2O  =  CaCl^ 
+  Mg(0H)2  +  H.jS.  Sulphurous  anhydride  is  passed  through  the  residue  in  order  to  form 
the  insoluble  calcium  sulphite:  CaC1.2  +  Mg(OH)2  +  SO...  =  CaS03  +  MgCl2  +  IL,0.  The 
solution  of  magnesium  chloride  obtained  is  again  used,  and  the  washed  calcium  sulphite 
is  brought  into  contact  at  a  low  temperature  with  hydrochloric  acid  (a  weak  aqueous 
solution)  and  hydrogen  sulphide,  tlie  whole  of  tlie  sulphur  then  separating : 

CaSOj  +  2H2S  +  2HC1  =  CaClj  +  SU^O  +  3S. 

It  is  necessary  to  turn  once  more  to  the  lixiviation  of  the  sodium  carbonate  from  the 
mass  formed  in  the  furnace  {see  aho  Note  25). 

It  must  not,  however,  be  thought  that  sodium  carbonate  alone  passes  into  the  solution  ; 
there  is  also  a  good  deal  of  caustic  soda  with  it,  formed  by  the  action  on  the  carbonate  of 
soditmi  of  tlie  lime  remaining  from  the  first  process  of  the  action  of  the  charcoal,  and  there 
are  also  certain  sodium  sulphur  compounds  with  which  we  shall  partly  become  acquainted 
hereafter.     The  sodimn  carbonate,  therefore,  is  not  obtained  in  a  very  pure  state.     The 
solution  is  subjected  to  evaporation.     The  evaporation  is  conducted  at  the  expense  of  the 
waste   heat  from  the  soda  funiaces,  together  with  that  of  the  gases  given  off.      The 
process  in  the  soda  furnaces  is  only  carried  on  at  a  high  temperature,  and  therefore  the 
smoke  and  gases  issuing  from  the  furnaces  are  inevitably  very  hot.    If  the  heat  they 
contain  was  not  made  use  of  there  would  be  a  great  waste  of  fuel ;   consequently  in 
immediate  proximity  to  the  soda  furnaces  there  is  generally  a  series  of  pans  or  evapo- 
rating boilers,  under  which  the  gases  from  the  furnace  pass,  and  into  these  the  alkali 
solution  obtained  is  poured.     On  evajwrating  the  solution  first  of  all  the  undecomposed 
sodium  sulphate  separates,  then  the  sodium  carbonate  or  soda  crystals.    These  crystals 
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The  above-mentioned  process  for  making  soda  was  discovered  in  the 
jear  1808  by  the  French  doctor  Leblanc,  and  is  known  as  the  Leblanc 
process.  The  particulars  of  this  discovery  are  somewhat  remarkable. 
■Sodium  carbonate,  having  a  considerable  application  in  industry,  was 
ior  a  long  time  prepared  exclusively  from  the  ash  of  marine  plants 
(Chapter  XI.  page  490).  Even  up  to  the  present  time  this  process  is 
•earned  on  in  Normandy.  In  France,  where  for  a  long  time  the  manu- 
facture of  large  quantities  of  soap  (so-called  Marseilles  soap)  and  various 
fabrics  required  a  large  amount  of  soda,  the  quantity  prepared  at  the 
coast  was  insuHicient  to  meet  the  demand.  For  this  reason  during 
the  wars  at  the  beginning  of  the  century,  when  the  import  of  foreign 
^oods  into  France  was  interdicted,  the  want  of  sodium  carbonate  was  felt. 
The  French  Academy  oflfered  a  prize  for  the  discovery  of  a  profitable 
method  of  preparing  it  from  common  salt.  Leblanc  then  proposed  the 
Above-mentioned  process,  which  is  remarkable  for  its  great  simplicity.** 

which  M^parate  are  raked  out  and  placed  on  plankH,  where  the  liquid  flowH  off.  Caustio 
Hoda  remains  in  the  residue,  and  also  any  sodium  chloride  which  was  not  decomposed  in 
the  foregoing  process. 

Part  of  the  sodium  carbonate  is  crystallised  in  order  to  purify  it  more  thoroughly.  In 
-order  to  do  this  a  saturated  solution  is  left  to  crystallise  at  a  temperature  below  dO^  in  a 
current  of  air,  in  order  to  promote  the  separation  of  the  vapour  of  water.  Then  the  large 
■tran8i)arent  crystals  (efflorescent  in  air)  of  Na^COsilOH.jO  are  formed  which  have  been 
^spoken  of  already  (Chapter  I.). 

'^  Among  the  drawbacks  of  the  Leblanc  process  are  the  accumulation  of  '  soda  waste/ 
4Uid  the  impossibility  at  the  comparatively  low  price  of  sulphur  (especially  in  Uie  form  of 
P3rrites)  of  finding  a  suitable  employment  for  it  (altliough  this  waste  can  furnish  sulphur 
and  sulphur  compounds,  for  which  purposes  it  is  sometimes  treated),  and  also  the  insoifi- 
<;ient  purity  of  the  sodium  carbonate  for  many  purposes.  The  advantage  of  the  Leblano 
j)roce88,  besides  its  simplicity  and  cheapness,  are  that  almost  all  acids  having  a  commercial 
value  are  obtained  as  bye-products ;  chlorine  and  bleaching  powder  are  produced  with 
^he  asKisttmce  of  the  large  amount  of  hydrochloric  acid  which  appears  as  a  bye-product, 
4ind  caustic  soda  is  very  easily  made,  and  the  demand  for  it  increases  every  year.  In 
those  places  where  salt,  pyrites,  charcoal,  and  limestone  (which  are  the  materials  required 
ior  soda  works)  are  found  side  by  side — as,  for  instance,  in  the  Ural  or  Don  districts — all 
conditions  are  favourable  to  the  development  of  the  manufacture  of  sodium  carbonate  on 
un  enormous  scale  ;  and  where,  as  in  the  Caucasus,  sodium  sulphate  occurs  naturally,  the 
conditions  are  still  more  favourable.  A  large  amount,  however,  of  the  latter  salt,  even 
from  soda  works,  is  used  in  making  glass.  The  most  important  mnla  works,  as  regards 
tlie  quantity  of  products  obtained  from  them,  are  the  English  works. 

As  an  example  of  the  other  numerous  and  various  methods  of  manufacturing  soda 
from  sodium  chloride,  the  following  processes  may  be  mentioned :  Sodium  chloride  is 
<lecomi)OHed  by  oxide  of  lead,  PbO,  forming  lead  chloride  and  sodium  oxide,  which,  with  car- 
bonic anhydride,  yields  sodium  carbonate  (Scheele's  process).  In  Coniu's  method  sodium 
chloride  is  treated  with  lime,  and  then  exposed  to  the  air,  when  it  yields  a  small  quantity 
of  scxlium  carbonate.  In  E.  Kopp's  process  sodium  sulphate  (125  parts)  is  mixed  with 
•f)xide  of  iron  (80  parts)  and  charcoal  (55  parts),  and  the  mixture  is  heated  in  reverbe- 
ratory  furmu-es.  Here  a  compound,  NaeFe4Sj,  is  formed,  which  is  insoluble  in  water  and 
•absorbs  oxygen  and  carbonic  anhydride,  and  then  forms  sodium  carbonate  and  ferrons 
sulphide;  this  when  roaste<l  can  give  sulphurous  anhydride,  which  is  indispensable 
ior  the  manufacture  of  sulphuric  acid,  and  ferric  oxide,  which  is  again  used  in  the 
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Of  all  other  industrial  processes  for  manufacturing  sodiam  carbonate 
the  mmiiouin  jnrttCfHH  is  the  most  worthy  of  mention.'^  In  this  the 
vapours  of  ammonia,  and  then  an  excess  of  carbonic  anhydride,  aie 
directly  introrluce<l  into  a  concentrated  solution  of  sodium  chloride  in 
order  to  form  the  acid  ammonium  carbonate,  NH4HCO,.  Then,  by 
means  of  the  clouble  saline  decomposition  of  this  salt,  sodium  chloride 
is  decompoMKl,  and  in  virtue  of  its  slight  solubility  acid  sodium 
carlKjnate,  NaHCOg,  is  precipitated  and  ammonium  chloride,  NH4CI,  it 
obtained  in  solution  (with  a  portion  of  sodium  chloride  and  acid  sodium 
carbonate).  The  ammonia  is  removed  from  the  solution  by  heating  with 
lime  or  ma^iesia,  and  the  precipitjite<l  acid  sodium  carl)onateis  converted 
into  the  normal  salt  by  heatinf^.    It  is  thus  obtained  in  a  very  pure  state. 

Sodium  caH)onatoJ^  like  sodium  sulphate,  loses  all  its  water  on 
bein^  heated,  and  wlwm  anhydi*ou8  fuses  at  a  bright- red  heat  (814°). 
A  small  quantity  of  sodium  carl)onate  placed  in  the  loop  of  a  platinum 
wire  volatilises  in  the  heat  of  a  gas  flame,  and  therefore  in  the  furnaces 
of  glass  works  part  of  the  soda  is  always  transformed  into  the  condition 
of  vapour.  So<lium  carbonate  resembles  sodium  sulphate  in  its  relation 
to  water.  *'^     Here  also  its  greatest  solubility  is  at  the  temperature  of 

prooc'HH.  In  (rrant'H  inetlicKl  KCMliuin  Kulphtiie  is  IranHfomied  into  sodinm  Knlphide,  and 
the  latti-r  in  (](;(;r»ii]><m(Ml  by  a  Htroam  of  carbonii!  anhydride  and  Rteam,  when  hydrogen 
sulphide  JH  dJHfnt^a^f'd  and  Hodiiiin  carl>onaU?  formed. 

Rfxliuiu  carbonat*'  may  hki^wise  be  obUiined  from  rrjolite  (page  484) ;  the  method 
of  treating  tliis  will  be  mentioned  under  aluminium. 

*•  ThiH  jirrM-eflH  (srr  Note  til)  waH  first  pointed  out  by  Turck,  worked  out  by 
Krhlo<?Kinjj,  and  finally  applied  induHtrially  by  Solvay.  Tlie  first  flH83)  large  «oda  works 
erected  in  Kussia  for  working  this  priM-ess  are  on  the  banks  of  the  Kama  at  Berezniak. 
near  Ousolia.  and  belong  to  liUbiniofT.  But  Russia,  which  still  imi>ort9  from  abroad  a 
large  qnantil y  of  bleaching  iM)wder  and  exports  a  large  amount  of  manganeAO  ore,  most 
of  all  re<|uiri«s  works  <-arrying  on  the  Leblanc  ]>rocess.  Such  are  in  course  of  construc- 
tion, but  lliis  branch  of  industry  is  still  in  embryo  in  Russia. 

*^  C'onimercini  soda  ash  (<al<lned.  anhydrous)  is  rarely  pure;  the  crystallised  soda  is 
generally  ]»urer.  In  ord«?r  to  purify  it  further  it  is  best  t<)boil  a  concentrated  solution  of 
soda  ash  \intil  two-thirds  of  the  li(|uid  remain.  <ollect  the  soda  which  settles,  wasli  with 
cold  wat<'r,  and  then  shake  u]>  with  a  strong  solution  of  ammonia,  pour  off  the  residue, 
and  heat.     Tlien  the  ini])urities  will  remain  in  the  mother  lifpiors,  &c. 

'8  The  resenddance  is  so  gn-at  that,  notwithstanding  the  difference  in  the  molecular 
composition  of  Xa  .SO,  and  Na/'O-,  they  ought  to  1k'  classed  under  the  \\\t*i  (XaO)2R, 
where  R  =  SO .  or  CO.     Many  other  sodium  salts  also  contain  10  mol.  H.,,0. 

Some  luimerical  data  nniy  be  givt?n  for  sodium  carbonate.  The  specific  gravity  of  the 
anhydr(»us  salt  is  2 -IH,  that  of  the  decahydrated  Balt  =  l'4(5.  Two  varieties  are  known  of 
the  heptahydrat<*d  salt  (TjJIwel,  Marignac,  Ranmielsberg),  which  are  formed  together  by 
allowing  a  saturated  solution  to  cool  under  a  layer  of  alcohol ;  the  (me  is  less  stiible  Hike 
the  corresponding  sulphattO  and  at  0'^  has  a  solubility  of  JV2  parts  (of  anhydrous  salt)  in  100 
water  ;  the  other  is  more  stable,  and  the  solubility  20  jiarts  (of  anhydrous  salt)  per  100  of 
water.  The  solubility  of  the  decahydrated  salt  in  KM)  water-  at  0°,70  :  at  20^,  21-7  ;  at 
80°,  37*2  parts  (of  anhydrous  salt).  At  80^  the  solubility  is  only  461,  at 90^  45*7,  at  100=* 
46"4  i)arts  lof  anhydrous  salt).  The  specific  gravity  (Note  7)  of  the  solutions  of  sodium 
carbonate,  according  to  the  data  of  Gerlach  and  Kohlraus^-h,  at  16°  4°  is  expressed  by 
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37°  ;  both  salts,  on  crystalUfiing  at  tlie  ordinary  temperature,  combine 
■with  ten  molecules  o£  water,  and  Buch  crystals  of  soda,  like  crystals  of 
OIaul>er's  suit,  fuse  at  34°.  Sodium  carbonate  al^o  forms  a  Buper- 
«4turated  solution,  and,  acconling  to  the  conditions,  gives  various  com- 
binations with  water  of  crystallisation  (mentioned  on  page  107),  ikc. 

At  a  red  heat  superheated  steam  liberates  carbonic  anhydride  from 
sodium  carbonate  and  forms  caustic  soda,  NajCOa  +  HjO=2NaH04- 
CO;.  Here  the  cai'bonio  anliydride  is  replaced  by  water  ;  this  depends  i 
on  the  feebly  acid  character  of  carbonic  anhydride.  By  direct  heating, 
sodium  carbonate  is  only  slightly  decomposed  into  sodium  oxide  and 
carbonic  anhydride  ;  thus,  when  sodium  carbonate  is  fused,  about 
I  per  cent,  of  carbonic  anhydride  is  disengaged.'^  The  carbonates  of 
many  other  metals — for  ioHtance,  of  calcium,  copper,  magnesium,  iron, 
ttc. — -on  being  heated  lose  all  their  carbonic  anhydriile.  This  i^hows 
the  considerable  basic  energy  which  sodium  possesses.  With  the 
soluble  salts  of  most  metals,  sodium  carbonate  gives  pi'ecipitateB 
either  of  insoluble  carbonates  of  the  metals,  or  else  of  the  hydroxides 
(In  this  latter  case  carbonic  anhydride  is  disengaged) ;  for  in- 
stance, with  kirium  salts  it  precipitates  an  insoluble  barium  car- 
bonate (BaCl,4-Na„CO,=2NaCl  +  BaCOj)  and  with  the  aluminium 
salts  it  precipitates  aluminium  hydroKide,  carlxmic  anhydride  being 
disengaged  :  SNa^COj  -|-  AI^SOJj  +  3H.,0  =  3Na,aO,  -|-  2A1(0H)3+ 
3C0j.  Sodium  carbonate,  like  all  the  salts  of  carlionic  acid,  evolves 
carbonic  anhydride  on  treatment  with  all  acids  which  are  to  anyextent 
enei^etic.  But  if  an  acid  diluted  with  water  be  gradually  added  to  a 
solution  of  sodium  carbonate,  nf^i'Df  such  au  evolution  dues  not  take 
place,  because  the  excess  of  the  carbonic  auliydri<le  forms  acid  sodium 
carbonate  (sodium  bicarbonate),  NaHCOj.  The  composition  of  this 
salt,  however,  may  be  also  represented  as  a  combination  of  car- 
bonic acid,  HjCOg,  with  the  normal  salt,  Na,COj,  just  as  the  latter 
also  combines    with    water.     Such  a    representation  is  all  the   mora 
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if  ftflO-tl  cc,  A  Bimilu'  «Be  at  Holnbilitr,  irhich  in  eompuntively  ra 
ibJbc)  with  aodiiBn  hjdroiide),  occnn  in  those  dilute  •olatioDB  lor  which  the  botnr  A  is 
greater tlian  100  il  the  Bp.  gr.  of  wstw  at  4°e  100000,  uid  it  the  ap.  gr.  nC  the  HolallaD  b*  I 
cipreeneil  by  the  ianools  S-Sn  -yAp  +  Bp',  where  S„  is  the  BperitiD  )(ntvity  ot  tha  wstw  I 
nhiB  is  mure  Inll;  diiciiBseit  in  my  tFeatise,  Thu  laceiUgalian  of  Aqueout  Sataliont, 
1*17,  §§94  oodWI.  ForBp.o.  theip.  gt.  16°  *=  =  1M30;  for  10  pJ^  1'10S7:  rotlEp.o, 
I'lOOU.  The  chuige*  in  the  up.  gr.  with  thu  lunpentare  ue  h«r«  almoBt  the  Mine  •■ 
with  solutioaa  o(  aodisin  chloride  with  mi  equal  value  of  p, 

'*  According  («  the  obaervationa  ol  PicJmririg.     According  to  Bose,  when  •olntiona  at  | 
■odiuin  carUujBte  ace  boiled  a  certain  amount  iif  facbonic  iLnhrdrlde  ia  dieengixed. 
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likely  l>ecause  (1)  there  exists  another  salt,  Na,C03,2NaHCOj,2H,(> 
(sodium  sesquicarbonate),  obtained  by  cooling   a   boiling  solation  of 
sodium   bicarl>onate,  or  by  mixing  this   salt  with  the  normal    salt ; 
but  the  formula  of  this  salt  cannot  be  derived  from  that  of  normal 
carbonic  acid,  as  the  formula  of  the  bicarbonate  can  ;*®  (2)   water 
of  crystallisation  does  not  ent^r  into  the  composition  of  the  crystals 
of  the  acid  salt,  so  that  on  its  formation  (occurring  only  at  low  tem- 
peratures, as  in  the  formation  of  crj\stalline  compounds  with  water) 
the  water  of  crystiillisation  of  the  normal  salt  separates  and  the  water 
is,  as  it  were,  replaced  by  the  elements  of  carbonic  acid.      In  any  case- 
the  acid  sodium  carlx>nate  is  an  unstable  salt.     Not  only  when  heated 
alone,  but  even  on  being  slightly  heated  in  solution,  and  also  at  the 
ordinary  temperature  in  damp  air,  it  loses  carbonic  anhydride  and  forms 
the  normal  salt.     And  at  the  same  time  it  is  easy  to  obtain  it  in  a  pure 
crystalline  form,  if  a  strong  solution  of  sodium  carbonate  be  cooled  and 
a  stream  of  carbonic  anhydride  gas  passed  through  it.     The  acid  salt 
is  less  soluble  in  water  than  the  nonnal,^*  and   therefore    a   strong 
solution   of  the   latter   gives   crystals  of  the   acid    salt    if    carbonic 
anhydride   be   pass(»d   through   it.     The   acid   salt  may  be  yet  more- 
conveniently  forme<l  from  effloresced  crystals   of   sodium    carbonate, 

^  At  the  same  time  the  Kesfjui-salt  has  all  the  properties  of  a  definite  compound ;  it 
crystallises  in  transparent  crystals,  has  a  constant  composition,  its  solubility  (at  0°  in  100 
of  water,  I'i'O  of  anhydrous  salt)  differs  from  the  solubility  of  the  normal  and  acid  salts, 
and  shows  chanj^es  in  crmiposition  ;  it  is  found  in  nature,  and  is  known  by  the  names  of 
trona  and  urao.  The  observations  of  Watts  and  Richards  sliowed  (1886)  that  on  pouring 
a  strong  solution  of  the  acid  salt  into  a  solution  of  the  normal  salt  satunite<l  by  heating,. 
crystals  of  the  siilt  NaHC0-,Na,.C0-„2H,.0  may  be  easily  obtained,  as  long  as  the  tempe- 
rature is  above  Sf)-.  The  natural  uriui(Boussingault)  has,  according  to  Laurent,  the  same 
composition.  This  salt  is  verj-  stable  in  air,  and  may  be  used  for  purifying  sodium  carbo- 
nate on  the  largo  scale.  From  the  theoretical  side  such  comi)ounds  have  been  little  studied, 
yet  are  i)articularly  interesting  because,  in  all  probability,  they  corresjwnd  with  ortho- 
carbonic  acid  ClOH),,  and  at  the  same  time  correspond  with  double  salts  like  astrachanite 
(Chapter  XIV.). 

**  100  jmrts  of  water  at  0^  dissolves  7  parts  of  the  acid  salt,  which  corresijonds  with 
4*8  parts  of  the  anhydrous  normal  salt,  but  at  0^  100  parts  of  water  dissolves  7  parts  of 
the  latter.  The  solubility  of  the  acid  salt  varies  with  considerable  regularity ;  100  parts 
of  water  dissolves  at  ITf  9  parts  of  the  salt,  at  80'  11  parts. 

The  ammonium,  and  more  esi)ecially  the  calcium,  salt,  is  much  more  soluble  in  water. 
The  ammonia  process  {see  ante,  ]).  510)  is  founded  upon  this.  Ammonium  bicarbonate 
(acid  carbonate)  at  0'^  has  a  solubility  of  12  ]>arts  in  100  water,  at  BO"^'  of  27  parts.  The 
solubility,  therefore,  increases  very  rapidly  with  the  temperature.  But  its  saturated  solu- 
tion is  more  stable  than  a  solution  of  sodium  bicarbonate.  In  fact,  saturated  solutions  of 
these  salts  have  the  vajwur  tension  of  a  mixture  of  carbonic  anhydride  and  water — namely 
at  15°  and  at  50^,  for  the  stKlium  salt  120  and  750  millimetres,  for  the  ammonium  salt  120 
and  5(53  millimetres.  These  data  are  of  great  importance  in  understanding  the  pheno- 
mena connected  with  the  ammonia  process.  They  denumstrate  that  with  an  increased 
pressure  the  formation  of  thescxlium  salt  ought  to  increase  if  there  be  an  excess  of  ammo- 
nium salt. 
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which,  on  being  considerably  heated,  very  easily  absorb  carbonic 
anhydride.*^  The  acid  salt  crystallises  well,  but  not,  however,  in  such 
large  crystals  as  the  normal  salt ;  it  has  a  brackish  and  not  an  alkaline 
taste  like  that  of  the  normal  salt,  its  reaction  is  feebly  alkaline, 
nearly  neutral.  At  70°  its  solution  begins  to  lose  carbonic  anhydride, 
and  on  boiling  the  evolution  becomes  very  abundant.  From  the 
preceding  remarks  it  is  clear  that  in  most  reactions  this  salt,  especially 
when  heated,  acts  similarly  to  the  normal  salt,  but  has,  naturally,  some 
distinctions  from  it.  Thus,  for  example,  if  a  solution  of  sodium 
carbonate  be  added  to  a  normal  magnesium  salt  a  turbidity  (precipi- 
tate) is  formed  of  magnesium  carbonate,  MgCO^.  No  such  precipitate 
is  formed  by  the  acid  salt,  because  magnesium  carbonate  is  soluble  in 
the  presence  of  an  excess  of  carbonic  anhydride. 

Sodium  carbonate  is  used  for  the  preparation  of  caustic  soda  ^^ — 
that  is,  the  hydrate  of  sodium  oxide,  or  the  alkali  which  corresponds 
with  sodium.  For  this  purpose  the  action  of  lime  on  a  solution  of 
sodium  carbonate  is  generally  made  use  of.  The  process  is  as  follows  : 
a  weak,  generally  10  per  cent.,  solution  of  sodium  carbonate  is  taken,** 
and  boiled  in  a  cast-iron,  wrought-iron,  or  silver  boiler  (sodium 
hydroxide  does  not  act  on  these  metals),  and  lime  is  added,  little  by 
little,  during  the  boiling.  This  latter  is  soluble  in  water,  although 
but  very  slightly.  The  clear  solution  becomes  turbid  on  the  addition 
of  the  lime  because  a  precipitate  is  formed  ;  this  precipitate  consists 
of  calcium  carbonate,  almost  insoluble  in  water,  whilst  caustic,  soda 
is  formed  and  remains  in  solution.  The  decomposition  is  effected 
according  to  the  equation  :  NaaCOg  +  Ca(H0)a=CaC03  +  2NaH0.  On 
cooling  the  solution  the  calcium  carbonate  easily  settles  as  a  precipitate, 

^  Cr^'Btalline  sodium  carbonate  (broken  into  lumps)  also  absorbs  carbonic  anhydride, 
but  the  water  contained  in  the  crystals  is  then  disengaged:  Na^CO.-^.lOHaO  +  CO^  = 
Na-^CO:,,  HiCO.-,  +  i)H.^O,  and  dissolves  part  of  the  carbonate;  therefore  part  of  the  sodium 
carbonate  passes  into  solution  together  with  all  the  impurities.  When  it  is  required  to 
avoid  the  formation  of  this  solution,  a  mixture  of  ignited  and  cr}'stalline  sodium  carbonate 
is  taken.  So<lium  bicarbonate  is  prepared  chiefly  for  medicinal  use,  and  is  then  often 
termed  carbonate  of  soda,  also,  for  instfffice  in  the  so-called  soda  powders,  for  preparing 
certain  artificial  mineral  waters,  for  the  rapid  generation  of  considerable  quantities  of 
carbonic  anhydride  in  the  domestic  preparation  of  water  charged  with  carbonic  acid,  for 
t)u>  manufacture  of  digestive  lozenges  like  those  made  at  Essentuki,  .Vichy  (pastilles 
digestives  de  Vichy),  ttc. 

^  In  chemistrj'  sodium  oxide  is  termed  *  soda,'  which  word  must  bo  carefully  distin- 
guished from  the  word  sodium,  meaning  the  metal. 

^  With  a  small  quantity  of  water,  the  reaction  either  does  not  take  plac«,  or  eTen 
proceeds  in  the  reverse  way — that  is,  sodium  and  i>otassinm  hydroxides  remove  carbonic 
anhydride  from  calcium  carbonate  (Liebig,  Watson,  Mitscherlich,  and  others).  The  in- 
fluence of  the  mass  of  water  is  evident.  According  to  Gerberts,  strong  solutions  of 
sodium  carbonate  are,  however,  decomposed  by  lime,  which  is  very  interesting  if  confinned 
by  further  investigation. 


an 'I  t>j«-  ':;f:?ir  vilution  or  alkali  aVjove  it  contAii)£  the 
nfxl'iujii  hv'jn^xi'J'r  forjfi*'H  in  th*r  r*:siction-*'  Afi*T  the 
'jnantiry  '.f  iii/jf  }ias  ^-k-^-u  nfhM.  thf  solution  is  allowed  to  5taz>d.  aad 
i»  th*-ii  'i<^;-aLT*-<l  off  a  lid  tfrvaporatMl  in  cast  or  wroogbt  iron  boO«nb 
or  in  wiver  f^aii?  if  a  f»*'rf*ictly-pure  prviutt  is  pequired.^  Tb- 
*-vaj/>ration  ("cannot  !>;  c-on'luct'f'l  in  china,  irlass,  •>r  aimilar  ^"^sse^. 
f^<-f;aij-*-  ';au-.ti'.*  vyia  «-at-  into  ^rla^i-  and  china,  althoagfa  but  ^ligjitlr. 
Th*;  volution  d^^?»  not  crystallise  on  evaporation,  ^J«aMl5e  ilie  SijiubiHTT 
of  '-Au-tir;  fc/>'ja  wh'-n  h*^t/-d  is  verv  srreaC  hot  crvstAls  cootainiz]:; 
wat/rr  of  crystal  Iis;iti  Of  J  may  l>e  obtained  by  c^»oling.  If  the  e\~ap?f«- 
tion  of  the  alkali  1^  con'iucte>rl  until  the  .specific  zravity  reaches  l-3>. 
and  the  li'juid  is  then  r*f^»hyl  to  0',  transparent  crj'stals  appear  contaii:- 

^'  Ak  l'»ji;f  H*-  j*iir?  of  tlj*r  uii'lwornjKyMr'l  wyiiain  ciirl»natfr  r^mAznii^  in  5<'Iaiica.  *-ic**«s 
iff  lu  ,'\  ii/l<i*r<i  \n  th«-  -^//'Tjtion  'Ji'^'-n;;*:.'*-^  caHx*rjic  aijl;ydrid«=-.  and  the  s<^-ltiiicn  Afiier  iilz- 

A  tAT^/tfXiaU:  III  *^>\ti\.'>u  jf  tii*-r»-  >*<'  ^uiphafr  pHr'^nt.  it  ail-rf^  rinn?-  ft  wh:T*  preci^ctttfc-. 
hut  thj-  i-«  iriMfJuhi*-  jji  a/]'!'-  .  For  th*:  «lwoini*o-ition  *A  widium  CArbrjxuite.  xxJik  of  i:Pr 
-■  tlj«l  itt.  i<]iik«-fl  !iMj»*  "ijp-f**-!!'!*^!  ;ji  wat«:r — i*^  f:  in  ployed.  Formerly  pore  fiodinzn  hydra - 
i«l«-  wji*  j#r*'par»-'l  '»K.r<.rdiii;.'  Vi  Ii»rrtholl*rt  •  l#y  dms'Jviii?  the  impure  i-abf^tAnce  in  *lc*:-bfiC 
'•^»'i]tj;n  rarl/<iijat'-  Hnd  -ulphal'.'  hh-  not  '•^ilnbl*-  .  but  now  tliiit  metallic  sodium  hiLS  becoo- 
*h*'H]i  i%tii\  jh  j»iirili»'d  by  ih<l\\\A\\<'U. ptire  rauntir  noda  i-  prepared  by  actiiisr  on  *  szzuLI 
'jijrffitity  of  uMt'T  With  ^Kliurn.  Ky  AWM-^inz  ^tronj:  -^.-lulion"*  U*  crystiiliifie  -in  the  trc>*.-\ 
t*>ju\,\t'}t',\  j<ii/<r  '■'-liujij  )jy<iroxiiJ<t  niHV  al-^'j  l*e  obtained  -Note  27'. 

Iri  mJ^mJi  work-  wii'-r'r  th<r  I>'b]anr  pHKe-s  i'»u>*ed,  rau-*tic  M-jda  is  prepared  directly  from 
\)\t-  iilkaJi  r<-rfiii:njiJi/  in  IIm;  mother  \\*{WiTi-  after  the  Hei«aration  <^if  the  sodiam  carbonAlr 
«". ;ipof;if.oij  *.'o*«-  1}  If  <.x'»-«-«'f  liiij*- and  rliarcoal  ha*.  I^en  used,  luach  &c<i:n2: 
b*.'if'*7,')«-  niii'.  \f*-  obt.jji(«-'l.  Af^'-r  tij<'  r*.-ni"val  as  far  a»»  IK>•«^ible  of  the  M*diam  CArt^>r.- 
jii«  ;i  r«-'I  i.ijw.rl  fi',uj  ,if#i)  o.rj'li-.  '.h  i«'ft.  <''nt«iijin;/  ^^lium  hydroxide  mixed  with  com- 
fKiuri'l'  of  -iiipiiiir  iiij«l  of  I  \iiivtiit-i\  fi»rnie<l  in  the  L«.-blanc  fumaees.  eee  p.  225,  And 
<'\ni\^*i  I.X..  Jiii'l  ,j|i.o  *  f.iitjHiiiii;/ ir<in.  ■  Tl.i-  n-«l  alkali  i"<  t-va|M»rated  and  air  is  bli"»wii 
llifou^Mi  jt.wbi'lj  o*:,«l.-«  ■- tl.*'  iriii.iirMj*-  for  tlj!-»  purfK^^'^-  >M»metiines  sodium  nitrat<r  i- 
iwl'i*  «J,  i,T  bUa'ljifi;'  powrli-r.  A' ,  un'l  l»-.iv«--<fu'»<'d  cau-tic  -^Kla.  Tlie  fused  mass  it;  allowed 
Vf  ■  <  till-  ill  oji\tr  t«>  .-4'f>;irat<-  tb«-  f«-rrn/ijiou^  j.reoipitate.  and  jirmred  into  iron  barrels,  where 
th*-  ■'''iiutit  li>'l/oxi'l<'  i-iiinUU*'-,.  Sinli  <iiimti(-  f^^da  (yiiitains  al^jut  10  p.c.  of  water  in 
4'trti,~.  utiti  iu.iiif  -alin*'  injpuriti<-s  h"t  when  prn|KTly  manufa(.'tured  is  almost  free  from 
r;arl/*»riat«'  an*l  fr^iiii  iron. 

^'  Lowi;/ t'»'\'*  «i  ni'-tli'Ml  lA  ]irej>ariri;:  MMliuni  hydroxid*.*  from  wnlium  carbonate  by 
IkmiIjd;'  It  to  li  dull  r«  d  lu-at  with  an  ♦•x«  e-.,  of  ferrirr  oxide.  ('arl>onic  anhydride  is  given 
'iff,  iin'l  wariji  wjtt'-r  «'Xlr»u  th  th«i  caustic  s/xla  from  thr  remaining  ma^s.  This  reaction. 
an  <  )C|H'rim<-nt.  »-how^,  |>nir<'edh  \ery  f-asiiy.  and  is  an  example  of  contact  action  ftimilAr 
to  f.h':  inllti*  iKi-  of  f«'rric  oxid<'  on  the  dei.omjwjsition  of  fK^taKsium  chlorate.  Tlie 
Tfti.y4)U  of  till.,  nia\  III-  that  a  small  (jnantity  of  the  sfwliuni  carbonate  enters  into  d<mble 
d<-'omi>fi».ition  with  th'*  ferrir  oxid<-,  and  the  f<Trif  carlxmate  pr<Mluced  ia  decomposed  into 
*uil»«iiii'-  anhydrid<!  and  ferrir- oxid«-.  the  net  ion  of  whi<h  is  renewetl.  Similar  explana- 
tionh  r-xpn-HKin;:  tin;  tnotirr  of  a  reaction  really  add  but  little  to  that  elementaxy  concejv 
tiori  of  contact  wiiirh,  arcordin^  to  my  ^ipinion,  (:onsi»>tH  in  the  change  of  motion  of  the 
libimK  in  thif  niol«'<-nleH  under  the  inHnence  of  the  ^^ubstiincc  in  c-ontaet.  In  order  t«> 
n-pri-M'nt  thih  rh-arly  it  is  Mifficient,  for  inHtance,  to  imagine  that  in  the  sodium  carbonate 
i\n'  *'J«-nu-ntK  CO..  movi-in  a  cin-le  round  the  elements  Na^O,  but  at  the  points  of  contact 
with  I''e/|-  the  motion  becomes  elliptic  with  a  long  axis,  and  at  some  distance  from  NooO 
the  elenjentH  of  CO^  are  jjurted,  not  having  the  faculty  of  attiu-hing  themselves  to  FeaO^. 
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ing  2XaHO,7H20,  they  fuse  at  -hC®.^*^  If  the  evaporation  be  con- 
ducted as  long  as  water  is  disengaged,  which  requires  a  considerable 
amount  of  heat,  then,  on  cooling,  the  hydroxide,  NaHO,  solidifies  in 
semi-transparent  crystals.^® 

Caustic  soda,  free  from  water,  forms  a  colourless  crystalline  mass, 
which  eagerly  absorbs  moisture  and  carbonic  anhydride  from  the  air.*^ 
Its  specific  gravity  is  2-13 ;'®  it  is  easily  soluble  in  water,  with 
disengagement  of  a  considerable  quantity  of  heat.**  A  saturated 
solution  at  the  ordinary  temperature  has  a  specific  gravity  of  about 
1  '5,  contains  about  45  per  cent,  of  sodium  hydroxide,  and  boils  at 
130°  ;  at  55°  water  dissolves  an  equal  weight  of  it.*^  Caustic  soda 
is  not  only  soluble  in  water  but  in  alcohol,  and  even  in  ether. 
Solutions  of  sodium  hydroxide  produce  the  sensation  of  soaping  on  the 
skin,  because  the  active  base  of  soap  consists  of  caustic  soda.** 

^  By  allowing  strong  solutions  of  sodium  hydroxide  to  crystallise  in  the  cold,  impuri- 
ties— Huch  as,  for  instance,  sodium  sulphate — may  be  separated  from  them.  The  fused 
cryntallo-hydrate  2NaHO,7H.jO  forms  a  solution  having  a  specific  gravity  of  1'405  (Hermes). 
Let  us  remark  that,  according  to  certain  determinations,  less  water — namely,  only 
NaHO,8lL^O — enters  into  the  composition  of  the  crystallo-hydrate.  The  crystals  on  dis- 
solving in  water  produce  cold. 

^  In  solid  caustic  soda  there  is  generally  an  excess  of  water  beyond  that  required  by 
the  formula  NaHO.  The  caustic  soda  used  in  laboratories  is  generally  cast  in  sticks, 
which  are  broken  into  pieces.  It  must  be  presented  in  carefully  closed  vessels,  because  it 
absorbs  water  and  carbonic  anhydride  from  the  air. 

'^  By  the  way  it  changes  in  air  it  is  easy  to  distinguish  caustic  soda  from  cauMic 
potash,  which  in  general  resembles  it.  Both  alkalis  absorbs  water  and  carbonic  adhydride 
from  the  air,  but  caustic  potash  forms  a  deliquescent  mass  of  potassium  carbonate,  whilst 
caustic  soda  forms  a  dry  i>owder  of  efflorescent  salt. 

^  As  the  molecular  weight  of  NaHO  «=^  40,  the  volume  of  its  molecule  « 40/2*18  =  18-6, 
which  very  nearly  approaches  the  volume  of  a  molecule  of  water.  The  same  in  general 
refers  to  the  compounds  of  sodium — for  instance,  its  salts  have  a  molecular  volume  ap- 
proaching the  volume  of  the  acids  from  which  they  are  derived. 

^*  The  molecular  quantity  of  sodium  hydroxide  (40  grams),  on  being  dissolved  in  a 
large  masH  (200  gram  molecules)  of  water,  develops,  according  to  Berthelot  9780,  and 
according  to  ThomHen  9940,  heat-units,  but  at  100°  about  18000  (Berthelot).  Solutions  of 
NaHO-l-nHaO,  on  being  mixed  with  water,  evolve  heat  if  they  contain  less  than  OH^O, 
but  if  more  they  absorb  heat. 

•"*  The  Hiwc'ific  gravity  of  solutions  of  sodium  hydroxide  at  15  ;4^  is  given  in  the  short 
table  below : — 


NttHO,  p.c.  . 

5 

10 

15 

20 

80 

40 

Sp.  gr.     .     . 

.     1057 

1113 

11«9 

1-224 

1-381 

1-486 

1000  grams  of  a  5  p.c.  solution  occupies  a  volume  of  946  c.c. ;  that  is,  less  than  the  water 
serving  to  make  the  solution  (see  Note  18). 

^  Sodium  hydroxide  (and  other  alkalis)  is  capable  of  hydxolysing — Baponifying,  as  it 
is  termed — ^the  compounds  of  acids  with  alcohols.  If  RHO  (or  R(HO)n)  represent  the 
composition  of  an  alcohol — that  is,  of  the  hydroxide  of  a  hydrocarbon  radicle — and  QHO  an 
acid,  then  the  compound  of  the  acid  with  the  alcohol  or  ethereal  salt  of  the  given  acid 
will  have  the  composition  RQO.  Ethereal  salts,  therefore,  present  a  similiiode  to 
metallic  salts,  just  as  alcohols  resemble  basic  hydroxides.     Sodium  hydroxide  acta  on 
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The  cheniical  r^a^^tions  of  aodium  hydroxide  serve  as  a  type  for  thoee 
of  a  whnle  class  of  alkalis — that  is,  of  soluble  basic  hydroxides  which 
may  l>e  obUiineil  from  water  and  a  metallic  oxide,  and  whose  compo- 
sitir>n  is  expre ssffd  as  a  compound  of  the  metal,  M,  and  hydroxyl,  OH ; 
MOIL  The  stjlution  of  sodium  hydroxide  is  a  very  caustic  liquid — 
that  is  to  say,  it  acts  in  a  destructive  way  on  most  substances,  for 
insUmce,  on  most  organic  tissues  -hence  caustic  soda,  like  all  soluble- 
alkalis,  is  a  ]>oisonrms  substance  ;  acids,  for  instance,  hydrochloric, 
fonning  common  salt,  serve  as  antidotes.  The  action  of  caustic  soda 
on  Ixmes,  fat,  st^irch,  and  similar  vegetable  and  animal  substances 
explains  its  action  on  organisms.  Thus  bones,  when  plunged  into  a 
wwik  solutii^n  of  caustic  srxla,  fall  to  powder,^*  and  evolve  a  smeU  of 
ammonia,  which  is  due  to  the  caustic  soda  changing  the  gelatinous, 
organic  substance  (it  contains  carbon,  hydrogen,  nitrogen,  oxygen,  and 
sulphur,  like  allium  in)  of  the  bones,  dissolving  it  and  in  part  destroy- 
ing it,  whence  ammonia  is  (lisengage<l.     Fats,  tallow,  and   oils  become 

(•thoreal  bhUh  in  the  hhiik*  way  that  it  acts  on  the  mujority  of  metallic  Baltfl — namely,  it 
liWrat(;H  alcohol,  aiiri  fr>rnm  the  fUHlium  Halt  of  that  acid  which  was  in  the  ethereal  salt. 
The  reai:tioii  takeH  jilace  in  the  foUowinjj  way : — 

Ugo         +         NaHO         :-         NaQO         +         RHO 
EtluTeal  CauHtie  Sodium  Alcohol. 

Halt.  HfKla.  Halt. 

Kuch  a  dec-oin|M)hition  iH  termed  Ka|K)nification,  becauHe  similar  reactions  were  known, 
very  lon^  a;:o  for  Ih*-  iftlu-n-al  salts  corresijonding  with  glycerin,  C3H5(OH)5   (Chapter 
IX.),  found  in  aninuilH  and  ]>lantH,  and  compoHing  what  are  called  fats  or  oiln.     Caustic 
wMla,  a<'ting  on  fat  and  oil,  UtnwH  glycerin,  and  Hodium  salts  of  those  acids  which  were 
in  union  with  tlu'  glyierin  in  the  fat,  as  Chevreul  showed  at  the  beginning  of  this  century.^ 
Tlie  srMlium  salth  of  tin-  fatty  aeids  are  known  in  practice  as  soaps.     That  is  to  say,  that 
Moap  is  niach;  fn>m  fat  and   caustic  soda,  glycerin  being  separated  and  a  sodium   salt 
fornied.     As  glycerin  is  usually  found  in  union  with  certain  acids,  so  also  are  the  sodium 
salts  of  (certain  a<'ids  fountl  in  soap.     The  greater  part  of  the  acids  found  in  conjunction 
with  glycerin  in  fats  are  th«-  solid,  i)ahnitie  and  st«jaric  acids,  CieHs^O,.  and  CigH-^O..,  and 
the  li(|uid,  oleic  acid,  <'ikH.-,i<\'  ;  hence  soap  principally  contains  a  mixture  of  the  Hodinm 
Halts  of  thes<^  a<-ids.     In  preparing  soap  the  fatty  Bubstances  are  mixed  witli  a  solution  of 
caustic  srxla  until  an  emulsion  is  f<irmed  ;  the  pro])er  quantity  of  caustic  soda  is  then 
tulded  in  onb-r  to  produce  saponification  when  heated,  the  soap  being  separated  from 
the  solution  either  bv  means  of  an  excess  of  caustic  soda  or  else  by  common  salt,  which 
displac(>H  the  Hoa])from  th(^  aqueous  solution  (salt  water  does  not  dissolve  Hoap,  neither 
does  it  form  a  lather).     The  water,  acting  on  the  soap,  partly  decomposes  it  (because  the 
acids  of  the  soap  are  feeble),  and  the  alkali  set  free  acts  during  the  application  of  soap. 
Hence  it  may  be  repla<'ed  by  a  very  feeble  alkali.     Strong  solutions  of  alkali  corrode  the 
skin  and  tissues.     They  are  not  formed  from  soap,  because  the  reaction  is  reversible,, 
and  tlu!  alkali  is  only  set  free  by  the  excess  of  water.     Thus  we  see  how  the  teaching  of 
Berthollet  renders  it  possilde  to  understand  many  ]>henoniena  which  occur  during  every- 
day experience. 

*'*  On  this  is  founded  the  process  of  llenkoff  and  Engelhardt  for  treating  bones.  The 
bones  are  mixed  with  ashes,  lime,  and  water :  it  is  true  in  this  case  that  more 
]M)tassium  hydroxide  than  sodium  hydroxide  is  formed,  but  their  action  is  almost 
identical. 
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saponified  with  a  solution  of  caustic  soda — that  is  to  say,  they  form 
with  it  soaps  soluble  in  water,  or  sodium  salts  of  the  organic  acids, 
contained  in  the  fats.^*^     The  clearest  reactions  of  sodium  hydroxide 
are  determined  by  the  fact  that  it  saiurcUes  all  acids  forming  salts  with 
them,  which  are  almost  all  soluble  in  water,  and  in  this  respect  caustic 
soda  is  as  characteristic  amongst  the  bases  as  nitric  acid  is  among  the 
acids.    It  is  impossible  to  detect  sodium  by  means  of  the  formation  of 
precipitates   of  insoluble  sodium   salts,  as  may  be  done  with   other 
metals,  many  of  whose  salts  are  but  slightly  soluble.     The  powerful 
alkaline  properties  of  caustic  soda  determine  its   capacity   for   com- 
bining with   even   the    feeblest   acids,   its    property   of    disengaging 
ammonia  from  ammonium  salts,  its  faculty  of  acting  on  salts  whose 
bases  are  insoluble  in  water,  &c.     If  a  solution  of  the  salt  of  almost 
any  metal  be  mixed  with  caustic  soda,  then  a  soluble  sodium  salt  will 
be  formed,  and  an  insoluble  hydroxide  of  the  metal  will  be  separated — 
for    instance,    copper    nitrate    yields    copper    hydroxide,    Cu(N03).^ 
+  2NaHO=Cu(HO)a  +  2NaN03.     Even  many  basicoxides — as,  for  in- 
stance, the  oxides  of  zinc  and  aluminium — precipitated  by  caustic  soda, 
are  capable  of  combining  with  it  and  forming  soluble  compounds,  and 
therefore  caustic  soda  in  the  salts  of  such  metals  first  forms  a  pre- 
cipitate of  hydroxide,  and  then,  employed  in    excess,   dissolves   this 
precipitate.     This  phenomenon  occurs,  for  instance,  when  caustic  soda 
is  added  to  the  salts  of  aluminium.     This  shows  the  property  of  siich 
an  alkali  as  caustic  soda  of  combining  not  only  with  acids,  but  also 
with  feeble  basic  oxides.     For  this  reason  caustic  soda  acts  an  most 
elements  which   are  capable  of  forming  acids  or   oxides  similar  to- 
them  ;  thus,  for  instance,  the  metal  aluminium  gives  hydrogen  with 
caustic  soda  in  consequence  of  the  formation  of  alumina,  which  com- 
bines with  the  caustic  soda — that  is,  in  this  case,  the  caustic  alkali 
acts  on  the  metal  just  like  an  acid.     If  the  substance  which  is  mixed 
with   the   caustic  soda  is  capable   of   combining  with  the   hydrogen 
evolveil   (aluminium   does   not  form  such  a  compound),  then   such  a 
compound  will  be  formed.     Thus,  for  instance,  in  this  way  phosphorus 
acts  on  caustic  soda,  yielding  hydrogen  phosphide.     If  the  hydrogen 
compound  disengaged  is  capable  of  combining  with  the  alkali,  then^ 
naturally,  a  salt  of  the  corresponding  acid  is  formed.     For  instance, 
chlorine  and  sulphur  act  thus  on  caustic  soda.     Chlorine,  with  the 
hydrogen  of  the  caustic  soda,  forms  hydrochloric  acid,  and  the  latter 
forms  common  salt  with  the  sodium  hydroxide,  whilst  the  other  atom 
in  the  molecule  of  chlorine,  C\^  takes  the  place  of  the  hydrogen,  and 

^  Ah  explained  in  Note  83. 
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forms  the  hypochlorite,  XaClO.  In  the  same  way,  by  the  action  of 
«oclium  hydn)xide  on  sulphur,  hydrogen  sulphide  is  formed^  which  acts 
-on  the  so<la  formin;j^  sodium  sulphifh,  in  addition  to  which  sodiniB 
thiosulphate  is  foi-med  (k(?6  sulphur).  In  virtue  of  the  possibility  of 
similar  reactions,  sodium  hydroxide  acts  on  many  metals  and 
non-metals.  Such  action  is  often  accelerated  by  the  presence  of  the 
oxygen  of  the  air,  as  by  this  means  the  possibility  of  the  formation  d 
acids  and  oxides  rich  in  oxygen  is  increased.  Thus  many  metals  and 
their  lower  oxides,  in  the  presence  of  an  alkali,  absorb  oxygen  and 
form  acids.  Even  manganese  peroxide,  when  mixed  with  caustic  soda, 
is  capable  of  absorbing  the  oxygen  of  the  air,  because  sodium  manga- 
nate  is  formed.  Organic  acids,  when  heated  with  caustic  soda,  give  up 
to  it  the  elements  of  carbonic  anhydride,  forming  sodium  carbonate, 
and  separating  that  hydrocarbon  group  which  exists,  in  combination 
with  carbonic  anhydride,  in  the  organic  acid. 

Thus  sodium  hydroxide,  like  the  soluble  alkalis  in  general,  ranb 
amongst  the  most  active  substances  in  the  chemical  sense  of  the  term ; 
but  few  substances  are  capable  of  resisting  it.    Even  the  rocky  siUceons 
substances,  as  we  shall  see  further  on,  are  transformed  by  it,  forming 
vitreous  slags  with  it,  at  all  events  on  fusion.     Sodium  hydroxide,  as  t 
typical  example  of  the  basic  hydrates,  in  distinction  from  many  other 
basic  oxides,  easily  Jonas  acid  salts  with  acids  (for  instance,  NaHSOi, 
NaHCO^}),  and  does  not  form   any  basic  salts  at  all  ;    whilst  many 
less  energetic  bases,  such   as   the   oxides  of   copper   and   lead,    easily 
form  basic  salts,  but  acid  salts   only  with  difficulty.     This  capability 
of  forming  acid  salts,  particularly  with  polybasic  acids,  may  be  ex- 
plained by  the  energetic  chanicter  of  the  basic  properties  of   sodium 
hydroxide,   and   the   small    development   of    these   properties    in  the 
bases   which   easily   form  basic  salts.      These  latter    bases    are    even 
capable   of    combining   with   such   bases   as   sodium    hydroxide    and 
ammonium  hydroxide.     An  energetic  base  is  capable  of   retaining  a 
considenible  quantity  of  acid,  which  a  slightly  energetic  base  would 
not  have  the  power  of  doing.     Certain  feeble  bases,  particularly  inter- 
mediate ones  (like  alumina)  are  not  at  all  capable  of  retaining  such  feeble 
acids  as  carbonic,  or,  if  they  form  compounds  with  them,  they  are  verr 
unstable  and  basic.     The  formation  of  acid  salts  with  such  acids  as 
carbonic,    oxalic,   sulphuric,    phosphoric,    <kc.,   which  contain    two  or 
more   atoms   of  hydrogen,    caj)able  of   being   replaced  by    metals,  is 
explained   by  the   fact   that   the    normal  salt    represents  the  substi- 
tution  of   sodium  for  all  the  atoms   of   hydn>gen.     Such    monobasic 
acids    as  nitric,  hydnx-liloric,  etc.,  do  not  form  any  stable  acid  salw 
(although  they  form  unstable  compounds  of  the  normal  salt  with  the 


a4;id),  because  tUey  contain  only  one  atom  of  hydrogen  capable  of 
being  replaced  by  the  metal.  Also,  as  will  be  shown  in  the  subse- 
quent chapters,  sodium  belongs  to  the  univalent  metals,  exchangeable 
for  hydrogen  atom  for  atom  ;  amongst  metals  Bodium  may,  like 
chlorine  amongst  the  non-metals,  serve  as  a  representative  of  the 
univalent  properties.  Most  of  the  other  elements  which  are  not 
capable  of  forming  acid  salts  are  bivalent,  from  whence  it  may 
be  uinlerstood  that  in  a  hibasic  acid — tor  instance,  carbonic,  HjCOj, 
or  sulphuric,  H^0( — the  hydrogen  may  be  exchanged,  atom  for  atom, 
for  sodium,  and  yield  an  acid  salt  by  means  of  the  first  substitution 
and  a  normal  salt  by  means  of  the  second — for  instance,  NaHSO,, 
and  Na.jSC>4,  whilst  such  bivalent  metals  as  calcium  or  barium  do 
not  form  acid  salta  because  one  of  their  atoms  at  once  lakes  the  place- 
of  both  hydrogen  atoms,  forming,  for  instance,  CaCOj  and  CoSO^. 
It  may  be  expected,  from  what  has  been  mentioned  above,  that 
bivalent  metals  easily  form  acid  isalts  with  acids  containing  more  than 
two  atoms  of  hydrogen  -for  instance,  with  tiibasic  acids,  such  as 
phosphoric  acid,  HjPO,— and  actually  such  salts  do  exist  ;  but  all 
such  relations  are  complicated  by  the  fact  that  the  character  of  the 
base  very  often  changes  and  becomes  weakened  with  the  increase  of 
valency  and  the  change  of  atomic  weight,  and  feeblcT  basea  (for 
instance,  silver  oxide),  although  corresjMnding  with  univalent  metals, 
do  not  form  acid  salts,  and  the  feeblest  bases  (for  instance,  CuO,  PbO) 
ea.sily  form  basic  salts,  and,  notwithstanding  their  valency,  do  not  form 
any  acid  salts  which  are  in  any  degre«  stable — for  instance,  which  are 
undecomposable  by  water.  In  addition,  basic  and  acid  salts  ought  to  be 
regarded  rather  as  compounds  similar  to  crystuUo-hydratea,  because 
such  acids  as  sulpliuric  form  with  sodium  not  only  an  acid  and  a 
normal  salt,  as  might  be  expected  judging  from  the  valency  of 
sodium,  but  in  addition  to  these  also  salts  containin|j[  a  greater 
quantity  of  acid.  In  sodium  sesquicarbonate  we  saw  an  example  of 
such  compounds.  Taking  all  this  into  consideration,  we  ought  to  say 
that  the  property  of  more  or  less  easily  forming  acid  salts  more 
readily  accords  with  the  energy  of  the  base  tlian  with  the  valency, 
and  it  is  truest  of  all  to  state  that  thf  faculty  of  a  hage  la  form  ru-vl  and 
fxuic  MilU  i«  Us  eh'traeUrUlie,  just  aa  the  faculty  of  forming  com- 
pounds with  hydrogen  is  a  characteristic  property  of  elements.  In 
this  respect  sodium  hydroxiile  distinguishes  itself  by  the  facility  with 
which  it  forms  E^id  salts  and  an  absence  of  the  faculty  of  forming 
basic  salts.  This  property  is  also  shared  with  sodium  by  the  bases 
formed  from  the  metals  potassium  and  lithium.  Tlie  metals  lead  and 
copper  do  not  form  acid  salts,  but  easily  give  basic  salts.     Barium, 
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ualoium,  and  silver  form  acid  and  basic  salta  with  difficulty,  although 
they  eiiaily  form  normal  ones. 

We  have  seen  the  tmiisformation  of  common  salt  into  sodium 
sulphate,  of  this  latter  into  sodium  carbonate,  and  of  sodium  carbonate 
into  caustic  soda,  Lavoisier  still  i-egarded  sodium  hydroxide  as  au 
element,  because  he  was  unacquainted  with  its  decomposition  with  the 
elimination  of  oxygen  and  its  formation  by  means  of  metallic  sodium, 
which  separates  the  hydrogen  from  water,  forming  caustic  soda.  The 
preparation  of  melallic  eodiiiin  was  one  of  the  greatest  discoveries  in 
chemistry,  not  only  because  through  it  the  conception  of  elements  became 
broader  and  more  regular,  but  especially  because  in  sodium  ohemjcal 
properties  were  observed  which  were  but  feebly  sliown  in  the  other 
metals  more  familiarly  known.  This  discovery  was  made  in  1807  by 
the  English  chemist  Uai-^t/  by  means  of  the  galvanic  current.  By  con- 
necting with  tlie  positive  pole  (of  copper  or  charcoal)  a  piece  of  moist 
{in  order  to  obtain  electrical  condactivity)caustic  soda,  and  Iwringa  hole 
in  it  filled  with  mercury  connected  with  the  negative  pole  of  a  strong 
Volta's  pile,  Davy  observed  that  ou  passing  the  current,  a  peculiar 
■metal  dissolved  in  the  mercury,  less  volatile  than  mercury,  and  capable 
■of  decomposing  water,  again  forming  caustic  soda.  In  this  way  (by 
juialysis  and  synthesis)  Davy  demonstrated  the  complexity  of  alkalis, 
which  up  to  that  time  had  been  regarded  as  un decomposable  substances, 
(>n  being  decomposed  by  the  galvanic  current,  caustic  soda  disengages 
hydrogen  and  sodium  at  the  negative  pole  and  oxygen  at  the  positive 
poie.  Davy  showed  that  the  metal  fonned  volatilises  at  a  red  heat, 
which  is  the  most  important  physical  property  for  extracting  sodium, 
Iwcause  all  further  metliods  are  founded  on  the  volatility  of  sodiam. 
Besides  this  Davy  observed  that  sodium  easily  oxidises,  that  its 
vapours  take  fire  in  air,  and  the  latter  circumstance  was  for  a  longtime 
an  obstacle  to  tlie  easy  preparation  of  this  metal.  The  properties  of 
sodium  were  later  on  more  thoroughly  investigated  by  Gay-Lussac  and 
Thenard,  who  furnished  easier  means  of  obtaining  sodium,  and  observed 
that  metallic  iron  at  a  high  temperature  was  capable  of  reducing  sodium 
from  caustic  soda,*^     Brunner  latterly  discovered  that  not  only  iron, 


"  Deville  Bupposea  tliat  suoh  b.  decomposition  o(  sodiam  hjdoiiidB  by  metallic  iaMo 
depends  aulrlj  on  the  disnoeiation  of  the  rUkuU  ftt  *  white  beat  inla  Bodiam,  hydiogMi, 
uid  oxygen.  Here  the  pail  played  by  the  iron  in  only  that  it  rotainii  the  oxygen  formed, 
otherwine  the  decumposed  alements  wonid  again  reunite  upon  cooling,  as  in  other  omn 
of  diuaaciation.  II  it  be  soppoeed  that  the  temperature  at  the  couunencement  o(  the  dii- 
Hucialion  of  the  iron  oiides  is  higher  than  that  of  sodiam  oiide,  then  the  dccompoaitiOD 
may  be  explained  by  the  liypotheiiiB  o(  Deville.  Deville  demon Htrat««  htu  views  by  Iha 
following  experiment:— An  iron  bottle,  filled  with  iron  ihaviuga,  was  heated  in  inch  k 
iway  that  .the   upper  part  became  red  hot,  the  lower  part  rauuuning  cuolur;  Mdiiun 
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"but  also  charcoal,  has  this  property,  although  hydrogen  does  not  reduce 
.sodium.'^  But  still  the  methods  of  extracting  sodium  were  very 
troublesome,  and  consequently  sodium  was  a  great  rarity.  The  principal 
-obstacle  to  its  production  was  that  they  endeavoured  to  condense  the 
-easily -oxidising  vapours  of  sodium  in  vacuum  in  complicat«d  apparatus. 
For  this  reason,  when  IDonny  and  Maresca,  having  thoroughly  studied 
the  matt«r,  constructed  a  specially  simple  condenser,  the  production  of 
-sodium  was  much  facilitated.  Furthermore,  in  practice  the  most  im- 
portant epoch  in  the  history  of  the  production  of  sodium  is  comprised  in 
the  investigation  of  Sainte-Claire  Deville,  who  avoided  the  complex 
methods  in  vogue  up  to  that  time,  and  furnished  those  simple  means  by 
-which  the  production  of  sodium  is  now  rendered  feasible  in  chemical 

For  the  production  of  sodium  according  to  the  method  of  Deville,  a 
mixture  of  sodium  carbonate  (7  parts)  free  from  water,  charcoal  (two 
parts),  and  lime  or  chalk  (7  parts)  is  heated.  This  latter  ingredient  is 
■only  added  in  order  that  the  sodium  carbonate,  on  fusing,  shall  not 
separate  from  the  charcoal. '^  The  chalk  on  being  heated  loses  carbonic 
-anhydride,  leaving  infusible  lime,  which  is  permeated  by  the  sodium 
-carbonate  and  forms  a  thick  mass,  in  which  the  charcoal  is  situated,  in 
imniediikte  contact  with  the  sodium  carbonate.  That  is  to  say,  the  lime 
-only  serves  as  a  mechanical  admixture.     When  the  charcoal  is  heated 

hydroxide  wan  introdnced  into  the  npper  port.  The  decompDsttian  vtu  then  effected — 
that  iH,  sodium  vapouru  were  prodaced  (thia  eiperimeat  WBi  done  leaJly  with  potaenium 
hydroiide).  On  unfBHtening  tlie  bottle  it  wm  foand  thnt  the  iron  in  the  upper  part 
wftB  not  oiidised,  but  only  that  in  the  lower  part.  Thie  may  be  eiplained  by  the  decom- 
poeition  of  the  alkali  into  Bodium.  hydrogen,  and  oiygeti  taking  place  in  the  upper  part, 
whilBt  the  iron  in  the  lower  part  absorbed  the  oiygen  set  free,  I(-  the  whole  bottle  be 
subjected  to  the  same  moderate  heat  aa  the  lower  eitremity,  no  metallic  vapours  are 
formed.     Then,  according  to  the  hypothesis,  the  temperature   would  be  insufficient  for 

W  It  bus  been  previously  remarked  (Chapter  II.  Note  9)  that  Beketoff  showed 
the  displacement  of  sodium  by  hydrogen,  not  from  sodinni  hydroxide  but  from  the  oxide 
Xa-;0 ;  then,  however,  only  one  half  is  displaced,  with  the  formation  of  NaHO. 

"  In  latter  times  in  England,  where  the  preparation  of  sodium  is  at  present  carried 
-on  on  A  largo  commercial  scale  (from  I860  to  1H70  it  wae  only  manafactured  in  a  lew 
works  in  France),  tliey  have  begun  to  add  to  Deville'e  mixtare  more  iron,  or  iron  oxide, 
which,  with  the  charcoal,  gives  metallic  and  carbpretteil  iron,  which  still  further 
facilitateu  the  decompoHition.  At  present  a  kilogrsm  of  sodinm  may  be  purchased 
for  about  the  same  sum  (i,-)  as  a  gram  cost  thirty  years  ago.  The  industrial  prepa^ 
ration  of  sodium  in  large  qaantitiea  onght  not  only  to  infloence  the  extraction  of  sneh 
metals  as  uluminidtn  (metal  of  clay  and  olam),  bat  also  many  other  branches  of  industry. 
The  method  of  preparation  by  means  of  the  action  of  the  galvanic  cmrent,  proposed  and 
tried  many  times,  still  reqaires  farther  improvement.  Deville  overcame  the  practicaJ 
difficalties  connected  with  his  process,  which  is  thst  in  use  at  press. 

possibility  of  obtaining  cheap  sodium. 


5-28  PRJKCIPLES  01^  CHEMISTIIV 

with  the  sodium  carbonate,  at  a  white  heat,  carbonic  oxide  i 
of  sodium  are  disengaged,  according  to  the  equation  : 
NaaC03  +  2C=Na,+3CO 

On  cooling  the  vapours  and  gases  disengaged,  the  vapoura  condense 
into  molten  uietal  (in  this  form  sodium  does  not  easily  oxidise,  whilst  in 
vapour  it  burns)  and  the  carbonic  oxide  remains  as  gas. 

Here  are  the  s  □  pie  means  by  whiuh  metallii.  soilium  may  be  obtained. 
An  iron  tube  1 1  out  i  metre  1  n^  and  a  lecii  etre  n  diameter,  is  made 
out  of  boile    plate    T       ]   ]  t    1  a  tur   ice  having  b  strong 


draught,  capable  of  giving  a  high  temperature,  and  the  tul>e  is  chatted 
with  the  mixture  required  for  the  preparation  of  sodium.  (.>iie  end  of  the 
tube  is  closed  with  a  cast-iron  atop [)er  A  with  clay  luting,  and  the  other 
with  the  cast-iron  stopper  C  provided  with  an  aperture.  On  heating,  first 
of  all  the  moisture  contained  in  the  various  substances  is  given  off,  tlien 
carbonic  anhydride  and  the  products  of  the  dry  distillation  of  the  charooal, 
then  the  latter  begins  to  act  on  the  soiHum  carbonate,  and  carbonic  oxide 
and  vapours  of  sodium  appear.  It  is  easy  to  observe  the  appearance  of 
the  latter,  because  on  issuing  from  the  aperture  in  the  stopper  C  they 
take  fire  spontjineously  and  burn  with  a  very  bright  yellow  flame.  Th© 
pipe  of  the  condenser  is  then  introduced  into  the  aperture  C,  compelling 
in  this  way  the  vapours  and  gasea  formed  to  pass  through  the  condenser 
B.  This  condenser  consists  of  two  square  cast-iron  trays,  A  and  A', 
Fig.  72,  with  wide  edges  firmly  screwed  together.  Between  these  two 
trays  there  is  a  space  in  which  the  condensation  of  the  vapours  of 
sodium  is  accomplished,  because  the  thin  metallic  walls  of  the  condenser 


are  cooled  by  the  air  but  remain  eufficiently  heated  to  preserve  the 
soclium  in  a  liquid  state,  and  so  it  does  not  ohoke  the  apparatus,  but  con- 
tinually flows  from  it.  The  vapours  of  sodium,  ci 
How  in  the  shape  of  Ii<|iiid  mebil  into  a  veasel 
containing  some  non-volatile  naphtha  or  hydro- 
carbon. This  is  used  in  order  to  prevent  the 
sodium  oxidising  as  it  issues  from  the  conden- 
ser at  a.  somewhat  high  temperature.  During 
the  operation  it  is  necessary  (with  an  iron 
rod)  to  occasionally  clear  the  pipe  which  con- 
ducts the  vapours  to  the  condenser,  because  it 
becomes  choked  up  with  solid  t^ompounds 
formed  by  the  sodium.  In  order  to  obtain 
sodium  of  a  pure  ipaality  it  is  necessary  to  distil 
it  once  more,  which  inay  even  be  done  in  porcelain  retorts,  but  the  dis- 
tillation must  be  conducted  in  a  stream  of  some  gas  on  which  sodium 
does  not  act,  for  instance  in  a  stream  o£  nitrogen  ;  carbonic  anhydride 
is  not  applicable,  because  sodium  partially  decomposes  it,  absorbing  the 
oxygen  from  it.  ■     ■    ■ 

Pure  sodium  is  a  lustrous  metal,  white  as  silver,  soft  as  wax  :  it  1)6- 
cumes  brittle  in  the  cold.  In  ordinary  moist  air  it  quickly  tarnishes  and 
becomes  covered  with  a  tilra  of  hydroxide,  NaHO,  formed  at  the  expense 
o£  the  water  in  the  air.  In  completely  dry  air  sodium  retains  its  lustre 
for  an  indefinite  time.  Its  density  at  the  ordinary  temperature  is 
equal  to  0'96,  so  that  it  is  lighter  than  water  ;  it  fuses  very  easily  at  a 
temperature  of  95',  and  distils  at  a  brightTe<l  heat  (abnnt  900°).  It 
forms  alloys  with  most  metals,  combining  with  them,  heat  being  some- 
times evolved  and  sometimes  absorbed.  Thus  if  sodium  (having  a  clean 
surface)  be  thrown  into  mercury,  especially  when  heated,  there  is  a  flash, 
and  such  a  con-siderable  amount  of  heat  is  evolved  that  part  of  the  mer- 
cury is  transformed  into  vapour,^^     Compounds  or  solutions  (if  soilium 

"*  By  iliHOolvini;  dodiani  niiiiilgiiDiB  ia  water  and  acitls,  and  dednuling  the  h«al  of 
■olution  o(  tliu  sodium,  Bnrtlielnl  Fniind  that  for  eafh  nlom  n/  (Ax  milium  in  mialyamii 
conUininE  ■  luiyB  amount  ol  mercury  (moi*  than  90  p.c.)  the  amimnl  of  heal  erolmd 
incteiuflB  with  the  qaantitj  of  nodiDm.  anil  aim  Uiatwbtin  a  uimpuBitian  is  rcachodwliioh 
approa4:hea  NaB{^£  the  lieat  evolrad  decnnaes.  In  the  fcirmiLtion  of  the  hLttar  conipoiutd, 
aboQt  laSOO  catorieaitre  evolved  j  when  NaH)!s  in  formed,  aboot  14000;  and  (or  NaH|; 
atiout  lUOOD  (NilDrieB.  Kraut  and  Fopp  regarded  the  dellDits  erjBtalline  amalgam  as 
having  the  Bompoaitioo  at  HaHg^  bat  at  the  present  time,  in  accordanee  witli  Grimaldi'i 
reaulu,  it  in  thought  to  be  NaHg,.  A  (imilar  aroalgam  is  very  easily  obtained  tf  a 
H  p.t.  amalgam  he  left  several  days  iu  a  solotiuu  of  hodiuiu  hydroiide  nntil  a  cryataUine 
inasa  ia  [armed,  from  whiob  the  morcury  may  be  removed  by  itronglj  preaaing  in 
chamoii  leather.  This  amalgam  with  a  aolution  n(  pntaHHium  hydtoxidp  lonna  a 
potuaiom  amidgam,  KHg,n  (Croukewitt,  Qrimaldi).       It  maybe  mentioniid  here  that 
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in  mercury,  or  amalgams  of  sodium,  even  when  containing  2  parts  of 
aodium  to  ]00  parts  of  mercury,  are  solids.  Only  those  amalgama 
which  are  the  very  jworest  in  aodiuiu  are  liquid.  Such  alloys  of  sodium 
with  mercury  are  often  used  instead  of  sodium  in  chemical  inTeatiga- 
tions,  because  in  combination  with  mercury  sodium  is  not  easily  acted 
on  by  air,  and  is  a  mass  heavier  than  water,  and  therefore  more  conve- 
nient to  handle:,  whilst  at  the  same  time  it  retains  the  principal  pro- 
perties of  sodium. '" 

It  is  easy  to  form  an  alloy  of  mercury  and  sodium  having  a  crystAl- 
lioe  structure,  and  a  definite  atomic  composition  NaHgj.  The  alloy  of 
sodium  with  hydrogen  or  nodium  hydride,  Na.jH,  which  has  the  estern*l 
appearance  of  a  metal, "  ia  a  most  instructive  example  of  the  character- 
istics of  alloys.  At  the  ordinary  temperature  sodium  does  not  absorb 
hydrogen,  but  from  300°  to  421°  the  absorption  takes  placn  at  the 
ordinary  pressure  (and  at  an  increased  pressure  even  at  higher  tem- 
peratures), as  shown  by  Troost  and  Hautefeuille  (1874).  One  volume 
of  sodium  absorbs  as  much  as  238  vols,  of  hydrogen.  The  metal 
increases  in  volume,  and  when  once  formed  the  alloy  can  be  preaeired 
for  some  time  without  change  at  tlie  ordinary  temperature.  The 
appearance  of  sodium  hydride  resembles  that  of  sodium  itself  :  it  is 
as  soft  as  this  latter,  when  heated  it  becomes  brittle,  and  deconiposes 
above  300°,  evolving  hydrogen.  In  this  decomposition  all  the  pheno- 
mena of  dissociation  are  very  clearly  shown — that  is,  the  hydrogen  gas 
evolved  has  a  definite  tension,'"  which  corresponds  with  each  definite 
temperature.  This  confirms  the  fact,  that  the  formation  of  substances 
capable  of  dissociation  is  only  accomplished  within  the  limits  of  the 
dissociation.    Sodium  hydride  melts  more  easily  than  sodium  itself,  and 

the  latent  heat  at  taaion  (of  atomic  qunntitioB)  of  Hg  ^  SCO  (PersODUe),  Na  =  780 
(Joumis),  uid  K  ^  CIO  calariea  (Joannis). 

">  Alloys  nre  so  BimUur  to  BOlutiona  (exhibiting  sacli  complole  pamlleliun  in  propor- 
ties)  that  the;  »te  oontdined  in  the  Bome  clui  of  Ko-called  indefiuite  mmpomidii  {Chap- 
ter I,).  But  in  (tllofs,  an  anbaiances  pABsing  fiom  the  liquid  to  the  eolid  itate,  it  ia 
easier  to  disMTer  the  formation  of  definite  chemical  componndB,  and  theretoie,  in  order 
to  arrive  nt  a  flarrecb  undeTBtanding  of  BOlutioQB,  it  ia  very  important  to  stadj  ftUoya. 
In  addition  to  thia,  thoj  are  of  themaelyea  of  confliderablo  interest.  The  combination  of 
sodinm  with  hjrdtogen,  where  the  change  of  physical  propertiea  is  so  evident  and  where 
tho  conservation  of  cliemical  propertiea  and  eaay  disaociation  are  so  sppitrent,  OQf^i  in 
this  respect  to  supply  mach  towarda  an  underatanding  of  allays  and  alao  of  solation*. 
Alloys  lUid  solutions  are  homogenwna  ;  if  the  demmpasitionhns  commenced  or  increaaed 
wo  may  not  perceive  it,  bot  the  products  of  the  Bplitting  op  of  the  ajloy  Ns^H  are  heteto- 
Igneous  i  they  are  visible, 

*'  Potassium  forma  a  aimihir  compoond,  but  lithinm,  under  the  same  eircomatanoos, 

*'  Namely,  the  tension  of  dissociation  of  hydrogen,  ji,  in  niilliroetres  of  mercury,  is: — 
(  =         880°         360°         SaO"        400°         430=         480° 
p  =  as  67  IBO  447  TfiS  BOO 
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then  does  not  nndergo  decomposition  if  it  is  in  an  dtmosphere  of  hydn^o. 
It  oxidises  easily  in  air,  hut  not  ao  easily  its  potassium  hydride,  Ths 
chemical  reactions  of  sodium  are  retained  in  its  hydride,  and,  if  we  may 
so  express  it,  they  are  even  increased  by  the  addition  of  hydrt^en.  At 
Jill  events,  in  the  properties  of  sodium  hydride  '*''  we  see  other  propertiea 
than  in  such  hydrogen  compounds  as  HCI,  HjO,  HjN,  H,C,  or  even 
in  the  gaseous  metallic  hydrides  AsH!,,,  Tell^.  But  platinum,  palladium, 
nickel,  iind  iron,  in  absorbing  hydrogen  form  compounds  in  which 
hydrogen  is  in  a  similar  state.  In  them,  as  in  sodium  hydriile,  the 
hydrogen  is  compressed,  absorbed,  occluded  (page  HI). 

The  most  important  property  of  sodium  is  its  power  of  easily  decom- 
]x>sing  water  and  evolmmj  hydrogen  from  the  majority  of  the  hydrogen 
compounds,  and  especially  from  all  acid  and  hydrate  compounds  in  which 
hydroxy!  ought  to  be  recognised.  This  depends  on  the  power  of  sodium 
■of  combining  with  the  elements  which  are  in  combination  with  the  hydro- 
gen. We  already  know  that  sodium  disengages  hydrogen,  not  only  from 
water,  hydrochloric  acid,*'  and  all  other  acids,  but  also  from  ammonia^ 
although    it   does  not   displace    hydrogen  fi'om   the   hydrocarbons.'* 

«  In  tjMiprftl.  during  the  formation  of  nlloye  Iho  volumes  rhange  very  Blishtly,  uid 
UiBrefote  from  the  volume  of  NagU  some  ides  may  be  formed  of  the  volume  of 
hydrogen  in  a  solid  or  liquid  nUliO.  Arahimedes  even  concluded  that  there  wu  gold 
in  an  aJloy  □[  copper  Mid  gold  by  reason  of  its  voliune  iwd  denaity.  From  the  IbhX  thut 
[he  density  of  NogH  in  equal  to  O'^GB,  it  m»y  be  seen  (hat  Ibe  volmne  of  IT  gnuna  (the 
grun  molecule)  of  thia  compound  =■  4a'U  c.c.  The  volmne  of  IS  grsms  ul  aodimu  con- 
laiiied  in  the  NhjU  ia  eqaal  (the  deniitj  in  the  aiune  conditions  0-97)  to  IT'l  c.e.  Them, 
fore  the  volume  ol  1  gnua  of  hydrogen  in  Na,H  is  equal  to  10  c.c,  and  couaequeutly  Ihs 
denaity  of  metallic  hydrogen,  or  the  weight  of  1  cj:.,  approaches  0-<\  griun.  This  denaity 
la  also  proper  to  the  hydrogen  alloyed  with  potasaiom  wid  palladium.  Judging  (rom  the 
acuity  inTormation  which  ia  at  present  available,  liquid  hydrogen  ueat  its  abaolute 
boiling-point  (Chapter  U.)  haa  a  lar  less  density. 

It  ought  to  be  meuiioned  tliat  sodium  hydride,  according  to  (he  usual  eqnivaleney  of 
Hj  with  O,  oorrespondB,  not  wi(h  the  oxide  XajCbut  with  the  suboxide  of  sodium,  Na^O, 
and  if  we  judge  the  atomicity  of  elemeu(s  by  hydrogen  compounds,  widium  ought  to  be 
conated  as  semlTalent.  According  to  the  law  of  subititution,  Na  ought  to  lie  taheu  M 
.nnivaleut  in  aU  Ha  ordinary  combinations :  Na,0,  NaCI,  NaHO,  NaBSO„>l.-o.  Tbetefore 
sodium  hydride  belongs  to  the  series  Na,X.  and  not  NaX. 

**  H.  A.  Schmidt  remarked  that  completely  dry  hydrtigim  chloride  is  decomposed 
with  great  diEBculty  by  sodium,  although  the  deeompoaitioD  proceeds  easily  with  polaa- 
siumand  with  sodium  in  moiat  hydrogen  chloride.  Wauklyn  also  remarked  Ihateodinu 
hums  with  great  dilSculty  in  dry  chlorine.  Probably  in  relation  to  this  tliero  is  a  corre- 
spondence with  other  phenomena  observed  by  Dixon,  who  found  tlial  completely  dry 
carbonic  oxide  does  not  explode  with  oxygen  on  pasaiug  an  electric  spark. 

"  Aa  Hodium  does  not  diaplaoe  hydrogen  from  the  hydiocarlHins,  it  mag  beprttervtd 
in  liquid  hydrooarbonH.  fJaphtha  is  generally  used  lor  thia  purpose,  as  it  conniets  of  a 
mixture  of  various  liquid  hydrocarbons.  However,  in  naphtha  sodium  usually  becomes 
coated  with  a  crual  composed  of  matter  produced  by  tbesctionof  the  uidiumon  certain  of 
the  substances  conduoed  in  the  mixture  compoaiag  naphtlw.  In  order  that  sodium  may 
:a  luatre  in  naphtha,  secondary  octyl  atco)i<il  is  added.  (This  alcohol  is  obtained  by 
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Sodium  bums  both  in  chlorine  and  in  ozjgeii,  afvolvin^  mvdh  fa 
These  properties  of  sodium  are  closely  connected  witb  its  povei 
taking  up  oxygen,  chlorine,  and  mmilifcr  elements  from  most  of  t 
compounds.  Just  as  sodium  removes  the  arjgea.  from  the  oxide 
nitrogen  and  from  carbonic  anhydride,  so  also  does  it  decompose 
majority  of  oxides  at  definite  temperatures.  Here  the  iiencti  of 
matter  is  the  same  as  in  the  decomposition  of  water.  Thu^  far  insta 
when  acting  on  magnesium  chloride,  the  sodium  displaees  the  ma| 
siunL,  or  when  acting  on  aluminium  chloride  sodium  di^Iaoea  ineti 
aluminium.  Sulphur,  phosphorus,  arsenic,  and  a  whole  aeries  of  cH 
elements,  also  combine  with  sodium.^ 

WUh  ooryfffn  sodium  unites  in  three  dq^rees  of  combizMktiQn,  fbm 
a  suboxide,  Na/J,  an  oxide,  Na^O,  and  a  peroxide,  NaO.  They 
thus  termed  because  Na^O  is  a  basic  oxide  (with  water  it  forms  a  fa 
hydroxide),  but  Na,0  and  NaO  do  not  form  correspondizij^  si 
compounds.  The  suboxide  is  a  grey  inflammable  substance  w] 
easily  decom prises  water,  disengaging  hydrogen  :  it  is  formed  by 
slow  oxidation  of  sodium  at  the  ordinary  temperature.  The  pero: 
is  a  greenish  yellow  substance,  fusing  at  a  bright  red  heat ;  it  is  prodi 
by  burning  sodium  in  an  excess  of  oxygen,  and  it  yields  oxygen  w 
treated  with  water  : 

Suboxide:  Na40  +  3H20=4NaHO+H2*7 

Oxide:  Xa20  +  H20=2NaHO" 
Peroxide:  NaO+H20=2NaHO  +  0 

*  If  fu'idinin  <lf>*-A  nr>t  directly  rlisplHce  the  hydrojfen  in  hydrocarboiis,  still  by  ind 
meuni^  ronipoiindfi  may  be  obtaine<l  which  contain  nodiam  and  hydrocarbon  groaps.  £ 
of  ihents  compriundH  liave  been  prodace<l,  althoa^h  not  in  a  pore  state.  Thus,  for  inst 
jtinr  ethyl  Zn-  f '  jH^'ij,  when  treated  with  sodium,  losen  zinc  and  forma  sodioxn  ethyL C^H 
bnt  thifidecoiiij>o4ition  is  not  complete,  and  the  compoand  formed  cannot  be  separate 
distillation  frr>iii  thf  remaining  zinc  ethyl.  In  thi<i  combination  the  energy  of  the  so< 
clearly  appears,  for  which  reason  it  reacts  with  ftabfltances  containing  haloid^ ozi 
^'c,  and  dir(>i-tly  al>v>rbs  curlnmic  anhydride,  forming  a  salt  of  a  carboi^Iic 
(propionic). 

<^  iV  comi»<nind,  Na-^Cl,  which  corre»ponda  with  the  suboxide,  is  evidently  foi 
when  a  );alvariic  current  in  panned  through  fused  common  salt ;  the  sodium  liberated 
solves  in  thf  common  salt,  and  does  not  separate  from  the  compoand  either  on  < 
ing  or  on  tn-nlm^'nt  with  mercurj'.  It  is  therefore  supposed  to  be  N"a.»Cl : 
nioro  lUf  us  th*' iinms  obtaine*!  gives  hydrogen  when  treated  with  water:  Xa-jCl  — 
-  H  -f-  NrtTIC)  *  Nh<*1,  that  is,  it  acts  like  sulioxide  of  wxlinm.  If  KajCl  reaUy  exists 
salt,  then  the  rorr*>siKinding  base?  \a|0,  acconling  to  the  example  of  other  bases  ol 
Cf»ni(KHitioii  M|C),  oui^ht  to  be  called  a  quaternary  oxide.  According  to  certain  erid^ 
a  KnlM'>xidf  is  funned  when  thin  sheets  or  fine  drops  of  sodium  slowly  oxidise  in  n 
air. 

*'*  According  to  fibsf^rvations  easily  made,  sodium  when  fused  in  air  oxidises  but 
not  bum,  the  coriibiiMtioii  only  commencing  with  the  formation  of  vapour — ^that  is,  when 
siderubly  lieated.  Davy  and  Karsten  obtained  the  oxides  of  potassium,  KjO,  and  of  sod 
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Ail  three  oxides  form  soilium  hyji-oxide  with  water,  but  only  the 
•oxide,  NajO,  is  directly  transformed  into  a  hydrat*.  The  other  oxides 
either  liberate  hydrogen  or  oxygen  ;  they  also  present  a  similar  dis- 
tinction with  reference  to  many  other  agents.  Thus  carbonic  anhydride 
«ombineH  directly  with  the  oxirle  Na^O,  which  when  heat«d  in  the  gas 
bums,  forming  sodium  carbonate,  whilst  in  this  case  the  peroxide  *^  also 
yields  oxygen.  When  ti-eated  with  acids,  so<Uuni  and  all  its  oxides  only 
form  the  salts  corresponding  with  aodium  oxida — that  is,  of  the  formula  or 
type  NaX.  Thus  the  oxide  of  sodium  Na^  is  the  oiUy  gall-forming 
ojnde  of  this  metal,  as  water  ia  in  the  case  of  hydrogen.  Although  the 
peroxide  HjOj  is  derive!  from  hydrogen,  yet  there  are  tio  correspond- 
ing salts  known,  and  if  they  are  formed  they  are  probably  as  unstable  as 
hydrogen  peroxide  itself.  Although  carbon  forms  carbonic  oxide,  CO, 
still  it  has  only  one  salt-forming  oxide — carbonic  anhydride,  COj. 
Nitrogen  and  chlorine  both  give  several  salt -forming  oxides  andtyptesof 
salts.  But  of  the  oxides  of  nitrogen,  NO  and  NO^  do  not  form  salts, 
-as  do  NjOj,  NjO„  and  NjO^,  but  NjO,  does  not  form  special  salts, 
and  NjOs  corresponds  with  the  highest  form  of  the  saline  compounds 
of  nitrogen.  Such  distinctions  between  the  elements,  according  to 
their  power  of  giving  one  or  several  saline  forms,  is  a  radical  property 
of  no  less  importance  than  the  basic  or  acid  properties  of  the  oxides 
produced.      iJodium  as  a  typical  metal  does  not  form  any  acid  oxides, 

NbjO,  bj  bMtiag  Uie  meMla  nith  Ihuir  bjdroiideB,  whence  NiiHOi-Xi(^Nii,0->-H,bnt 
IJ.  N.  BekelflS  Eiuled  to  obtain  oiidea  by  this  ineiLnB.  He  prepared  them  by  directly 
igniting  (he  metala  in  dry  air,  uid  'Jterwordii  heating  with  the  metitl  in  order  to  destroy 
tLny  peroiida.  The  oiide  NjfjO  produced,  when  beatsd  in  ui  Btmosphere  □(  bjdragen, 
tpiVB  a,  uiliCiiTe  ol  sodiiun  and  its  hydroiide:  Ni^O  +  H "  NoHO  +  Na  (mb  Chapter  II. 
Note  9].  U  both  the  abaervatioDB  mentioned  are  ncoutiile,  then  the  reaction  iarevenible. 
Sodium  oxide  onght  to  be  formed  during  the  deoompiHitiou  of  Bodinin  corbonitte  by  oxida 
o(  iron  (see  Note  36j,  and  daring  the  decompoaitioii  ol  eodiuoi  nitrite.  Accotding  to 
Koraten,  its  speciBc  gravity  in  SS,  according  to  Beketofl  'iS.  The  diSicDlt;  in  obtaining 
it  in  owing  to  an  eiceea  oF  Hodium  forraing  the  saboiide,  and  an  eiceu  of  oxygen  tha 
perotide.  The  givy  colour  pecnliar  la  the  suboxide  niirl  oxide  perhaps  shuWH  that  they 
uontuin  nietallio  aodinm.  In  lulditiuu  to  tliin,  in  the  prenuDce  of  wuter  it  muy  contain 
liodiuin  Ujdrids. 

'•  Of  the  oxides  ol  swlium,  that  easiest  U>  form  is  the  |)snixidH  NaO  or  NajO, ;  this 
ie  obtained  wbun  sodiaiD  ia  burnt  in  an  eioesa  of  oxygen.  When  heated  with  iodina 
vaponr,  it  loses  oxygen;  NajOj  + 1, - NajOIj  +  O.  The  compound  NitjOI.j  is  akin  to 
the  Eompouud  CngOCl^  obtajuud  by  oxidising  CuCI.  Thia  rcHlioa  is  one  o(  tbe  tew 
where  iodine  directly  diuptaces  oxygen.  The  aubstancQ  NrviOLj  is  soluble  in  water,  and 
when  acidified  gives  lies  iodine  and  a  todinm  aalt.  Curbouii:  oxide  is  absorbed  by  heated 
sodium  peroxide  with  lonnation  of  aodium  oarbuuale:  Na,C03  —  NajO, -f  CO,  whfliii 
carbonic  anhydride  liberates  oxygen  (torn  it.  With  nitroaa  oxide  it  reacts  thus :  NagOf 
-F3N^  =  9NaNOa+N];  with  nitric  oxide  it  combines  directly,  forming  a  nibrita,  NaO  ' 
-t-NO^NaNOi-  Sodiom  peroxide*  when  treated  with  water,  does  not  give  hydrogea 
peroxide,  beciHiBe  the  Utter  b  the  prewiuce  of  the  alkali  (onned  (Xa,Oi-ralL.O  =  lN^O 
*  HiOi)  decomposes  into  water  and  oxygen. 
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whilst  chlorine,  being  a  typical  non-metal,  does  not  form  bftseB  wiHi 
oxygen.  Therefore  sodium  as  an  element  may  be  thus  cfaaraeteriaed : 
it  forms  one  very  stable  salt-forming  oxide,  Na^O,  liaTing  potwerfol 
basic  properties,  its  salts  are  of  the  general  formula,  !N'aX,  therelove 
in  saline  compounds  it  is,  like  hydrogen,  a  univalent  element^^ 

On  comparing  sodium  and  its  analogues,  which  will  be  described  later 
with  other  metallic  elements,  it  will  be  seen  that  those  propertiei, 
together  with  the  relative  lightness  of  the  metal  itself  and  its  com- 
pounds, and  the  magnitude  of  the  atomic  weight  of  sodium,  comprise 
the  most  essential  properties  of  this  element,  clearly  digtiTigiiinliiwg  it 
from  others,  and  enabling  us  easily  to  recognise  its  analogues. 

^  By  heating  sodinm  in  dry  ammonia,  Gay-Lassac  and  Th^nard  obtained  «n  oliTa> 
green,  easily-fusible  mass,  aodamidey  NH^Na,  hydrogen  being  separated.  Thia  nb* 
■tance  with  water  forms  sodiom  hydroxide  and  ammonia ;  with  carbonic  oxide,  CO,  ft 
forma  sodinm  cyanide,  NaCN,  and  water  H3O ;  and  with  dry  hydrogen  ohloride  it  fanoa 
■odium  and  ammoniom  chlorides.  These  and  other  reactions  of  sodamide  show  that  tlM 
metal  in  it  preserves  its  energetic  properties  in  reaction,  and  that  this  oompoond  of 
■odinm  is  bnt  little  more  stable  than  the  corresponding  chlorine  amide,  althoacrh  it  doer 
not  show  its  property  of  spontaneous  decomposition,  which  is  evident  from  the  differanea 
between  the  properties  of  metallic  sodium  and  gaseous  chlorine.  When  heated,  ■odam- 
ide,  NH^Na,  only  partially  decomposes,  with  evolution  of  hydrogen,  the  prinoipel  part  of 
it  giving  ammonia  and  sodium  nitride,  Na^N,  according  to  the  equation  8NBL|NaaSNHr 
+  NNa^.  The  latter  is  an  almost  black  powdery  mass,  decomposed  by  water  into  it^wwMiwi*- 
and  sodium  hydroxide. 
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CHAPTER  XIII 

POTASSIUM,    RUBIDIUM,'  CJSSIUM,    AND   LITHIUM.      SPECTRUM   ANALYSIS 

Just  as  the  series  of  halogens,  fluorine,  bromine,  and  iodine,  correspond 
with  the  chlorine  contained  in  common  salt,  so  there  also  exists  a  cor- 
responding series  of  elements :  lithium,  Li=7,  potassium,  K=39, 
rubidium,  Rb=85,  and  cesium,  Cs=133,  which  are  analogous  to  the 
sodium  in  common  salt.  These  elements  bear  as  great  a  resemblance 
to  sodium,  Na=23,  as  fluorine,  F=19,  bromine,  Br=80,  and  iodine, 
1=127,  have  to  chlorine,  Cl=35-5.  Indeed,  in  a  free  state,  these 
elements  are,  like  sodium,  soft  metals,  which  rapidly  oxidise  in  moist 
air,  and  decompose  water  at  the  ordinary  temperature,  forming  soluble 
hydroxides,  having  clearly- defined  basic  properties,  and  the  composi- 
tion RHO,  like  that  of  caustic  soda.  The  resemblance  between  these 
metals  is  sometimes  seen  with  striking  clearness,  especially  in  com- 
pounds such  as  salts.  The  corresponding  salts  of  nitric,  sulphuric, 
carbonic,  and  nearly  all  acids  with  these  metals  have  many  points  in 
common.  The  metals  which  resemble  sodium  so  much  in  their  reac- 
tions are  termed  the  meted  a  of  lite  alkalis. 

Among  the  metals  of  the  alkalis,  the  most  widely  distributed  in 
nature,  after  sodium,  is  potassium.  Like  sodium,  it  does  not  appear 
either  in  a  free  state  or  as  oxide  or  hydroxide,  but  in  the  form  of  salts, 
which  present  much  in  common  with  the  salts  of  sodium  in  the  manner 
of  their  occurrence.  The  compounds  of  potassium  and  sodium  in  the 
earth's  crust  occur  Jis  mineral  compounds  of  silica.  With  silica,  SiOj, 
potassium  oxide,  like  sodium  oxide,  forms  saline  mineral  substances 
like  glass.  If  different  other  oxides,  such  as  lime,  CaO,  and  alumina, 
AI2O3,  combine  with  these  compounds,  there  is  formed  glass,  or  a 
^'lassy  stony  mass,  which  is  distinguished  by  its  great  stability.  It  is 
such  complex  silicious  compounds  as  these  which  contain  potash 
(potassium  oxide),  KjO,  or  soda  (sodium  oxide),  Na^O,  and  some- 
times both  together,  silica,  SiOj,  lime,  CaO,  alumina,  AI2O3,  and  other 
oxides,  that  form  the  chief  mass  of  rocks,  out  of  which,  judging  by 
the  distribution  of  the  strata,  the  chief  mass  of  the  accessible  crust 
(envelope)  of  the  earth  is  made  up.     The  piimary  rocks,  like  granite, 
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Sodium  bums  both  in  chlorine  and  in  oxygen,  evolving  mach  iieat. 
These  properties  of  sodium  are  closely  connected  with  its  power  of 
taking  up  oxygen,  chlorine,  and  similar  elements  from  most  of  their 
compounds.  Just  as  sodium  removes  the  oxygen  frolln  the  oxides  of 
nitrogen  and  from  carbonic  anhydride,  so  also  does  it  decompose  the 
majority  of  oxides  at  deiinite  temperatures.  Here  the  essence  of  the 
matter  is  the  same  as  in  the  decomposition  of  water.  Thus,  for  instance^ 
when  acting  on  magnesium  chloride,  the  sodium  displaces  the  magne- 
sium, or  when  acting  on  aluminium  chloride  sodium  displaces  metallic 
aluminium.  Sulphur,  phosphorus,  arsenic,  and  a  whole  series  of  other 
elements,  also  combine  with  sodium.'*^ 

With  oxygen  sodium  unites  in  three  degrees  of  combination,  forming 
a  suboxide,  Na40,  an  oxide,  NajO,  and  a  peroxide,  NaO.  They  are 
thus  termed  because  NajO  is  a  basic  oxide  (with  water  it  forms  a  basic 
hydroxide),  but  Na40  and  NaO  do  not  form  corresponding  saline 
compounds.  The  suboxide  is  a  grey  inflammable  substance  which 
easily  decomposes  water,  disengaging  hydrogen  ;  it  is  formed  by  the 
slow  oxidation  of  sodium  at  the  ordinary  temperature.  The  peroxide 
is  a  greenish  yellow  substance,  fusing  at  a  bright  red  heat ;  it  is  produced 
by  burning  sodium  in  an  excess  of  oxygen,  and  it  yields  oxygen  when 
treated  with  water  : 

Suboxide:  Xa40  +  3H20=4NaHO+H2<7 

Oxide:  Na20  +  H20=2NaHO" 
Peroxide:  NaO-f H20=2NaHO-fO 

*•  If  sodium  does  not  directly  displace  the  hydrogen  in  hydrocarbons,  still  by  indirect 
means  compounds  may  be  obtained  which  contain  sodium  and  hydrocarbon  groups.  Some 
of  these  comj^ounds  have  been  produced,  although  not  in  a  pure  state.  Thus,  for  instance 
zinc  ethyl  Zn(C2H5).2,  when  treated  with  sodium,  loses  zinc  and  forms  sodium  ethyl,  C.^HsNa, 
but  this  decomposition  is  not  complete,  and  the  compound  formed  cannot  be  Beparat€<l  by 
distillation  from  the  remaining  zinc  ethyl.  In  this  combination  the  energy  of  the  sodium 
clearly  appears,  for  which  reason  it  reacts  with  substances  contuning  haloidju oxygen, 
&c.,  and  directly  abHorbs  carbonic  anhydride,  forming  a  salt  of  a  carbo^lic  acid 
(propionic). 

*'  A  compound,  NooCl,  which  corresponds  with  the  suboxide,  is  eyidently  formed 
when  a  galvanic  current  is  passed  tlirough  fused  common  salt ;  the  sodium  liberated  dis- 
solves in  the  common  salt,  and  does  not  separate  from  the  compound  either  on  cool- 
ing or  on  treatment  with  mercury.  It  is  therefore  supposed  to  be  NaoCl ;  the 
more  so  as  the  mass  obtained  gives  hydrogen  when  treated  with  water :  Na^Cl  +  H.>0 
=  H  +  NaHO  -I-  NaCl,  that  is,  it  acts  like  suboxide  of  sodium.  If  NooCl  really  exists  as  a 
salt,  then  the  corresponding  base  Na^O,  according  to  the  example  of  other  bases  of  the 
composition  MjO,  ought  to  be  ciUled  a  quaternary  oxide.  According  to  certain  evidence, 
a  suboxide  is  fonned  when  thin  sheets  or  fine  drops  of  sodium  slowly  oxidise  in  moist 
air. 

***  According  to  observations  easily  made,  sodium  when  fused  in  air  oxidises  but  does 
not  bum,  the  combuKtitm  only  commencing  with  the  formation  of  vapour — that  is,  when  con- 
siderably heated.  Davy  and  Korsten  obtained  the  oxides  of  potassium,  K2O,  and  of  sodium^ 
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All  three  oxides  form  sodium  hydroxide  with  water,  but  only  the 
oxide,  Na^O,  is  directly  trauafonned  into  n  hydrate.  The  other  OKidea 
either  liberate  hydrogen  or  oxygen  ;  they  also  present  a  similar  dis- 
ttDction  with  reference  to  many  other  agents.  Thus  carbonic  anhydride 
combines  directly  with  the  uxide  Na^O,  which  when  heated  in  the  gas 
bums,  forming  aodinm  carbonate,  whilst  in  this  case  the  peroxide  '^  also 
jielda  oxygen.  When  treated  with  acida,  sodium  and  all  its  oxides  only 
form  the  salts  corresponding  with  sodium  oxide — that  is,  of  the  formula  or 
type  NaX.  Tims  the  oxide  of  sodium  Xa.jO  is  l/it  oiUy  aalt-forming 
oxide  of  this  raetal,  as  water  is  in  the  case  of  hydrc^en.  Although  the 
peroxide  HjOj  is  derived  from  hydrogen,  yet  there  are  tio  correspond- 
ing salts  known,  and  if  they  are  formed  they  are  pi-obably  as  unstable  as 
hydrogen  peroxide  itself.  Although  carbon  forms  carbonic  oxide,  CO, 
Atill  it  has  only  one  salt-forming  oxide — ^carboniu  anhydride,  COj. 
Nitrogen  and  chlorine  both  give  several  salt-forming  oxides  and  types  of 
salts.  But  of  the  oxides  of  nitrogen,  NO  and  NO,  do  not  form  salts, 
as  do  NjOj,  NjOj,  and  N^O^,  but  N^O^  does  not  form  special  salts, 
and  NjOj  corresponds  with  the  highest  form  of  the  saline  compounds 
of  nitrogen.  Such  distinctions  between  the  elements,  according  to 
their  power  of  giving  one  or  several  saline  forms,  is  a  radical  pro[terty 
of  no  less  importance  than  the  basic  or  acid  properties  of  the  oxides 
produced.      Sodium  as  a  typical  metal  does  not  form  any  acid  oxides, 

Nd-jO,  by  heating  Uie  melala  with  Ibeic  hjdiuiidee,  whenc«  XjlHO  +  Na  =  Nii.p  -t-  U,  but 
N.  N.  BekctoR  luJed  to  obtain  osidus  bj  this  meuia.  Ue  prepared  them  b;  diractl; 
ifjiiitiag  the  metaJH  in  itj  air,  and  liftervarda  heating  witli  the  Tnbta]  in  order  to  destroj 
ikiij  p«raiide.  The  oiide  NnjO  produced,  when  heatud  in  an  atmoiiphere  of  hjdrogeii, 
){ave  amiitureol  sodioni  and  ita  hrdroiide:  NvjO -f H - NaUQ -i- N'a  (asa  Chapter  IL 
Hale  UJ.  If  both  the  abservationB  mentioned  are  accnrale,  then  the  reaction  iarevenible. 
Sodlam  oxide  ought  to  be  formed  daring  the  decompoaition  ol  aodium  carbonate  bj  oxide 
of  iron  (see  Note  30},  and  dnrin);  the  decompoaition  of  aodiam  nitrite.  According  lu 
Kataten,  its  apecifla  gravity  i>  SH,  according  to  Beketaff  3'3.  Thn  difflcnlt;  in  ohtniniug 
it  ly  owing  to  an  elceea  ai  aodium  fanning  the  anboiide,  and  an  eiceai  ul  olygen  the 
[leroiide.  The  gre;  coloor  pecuhai  to  the  auhoiide  and  oxide  perliupa  ihnws  that  the; 
contain  metallic  aodiam.  In  addition  to  thin,  in  the  presenceol  waboc  it  Inuj' conCain 
flodimn  hydride. 

is  obtained  when  Bodiom  i>  burnt  iu  an  Bxceiw  of  oiygen.  When  heated  with  iodine 
vapour,  it  loeva  oiygen:  t4B.]0.j  +  I]  — NagUlj  +  O.  The  compound  NagOI,  ii  oldn  to 
the  compound  CUfOClj  obtained  by  oiidiaing  CdCI.  This  reaction  i>  one  of  the  lew 
where  iodine  directly  diaplaoea  oiygen.  The  anfaaUnce  Na.jOIij  ia  aolnble  in  watot,  and 
when  acidified  givea  free  iodine  and  a  aodinm  aolt.  Carbonic  oiide  iaabaorbed  by  heatvd 
Hodium  {•eroiide  with  formation  of  Aodiam  carhonale:  NojCOj— XojOi-t-CO,  wfailat 
n'arbonic  anhydride  liberatca  oxygen  from  it.     With  nitroiu  oxide  it  reacta  tlioa :  IfagO] 

»aNiO-aNaKO,-t-N,;  with  nitrio  oiido  it  combinea  direcUy,  forming  a  Dilnte,  NaO 
-r?IO-:^N'aNO.^  Sodium  peroxide,  when  treutAtl  with  waWr.  does  not  give  hydrogen 
pemiide,  because  the  latter  iu  the  ptvteuce  of  the  alkoh  fonue<l  |Na.j0.j  +  9H-jO^  INaHO 

1-  n,0])  ilwompoaea  into  water  and  oiygen. 
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whilst  chlorine,  being  a  typical  non-metal,  does  not  form  bases  witb> 
oxygen.  Therefore  sodium  as  cm  element  may  be  thus  characterised  : 
it  forms  one  very  stable  salt-forming  oxide,  Na20,  having  powerful 
basic  properties,  its  salts  are  of  the  general  formula,  NaX,  therefore 
in  saline  compounds  it  is,  like  hydrogen,  a  univalent  element.*^ 

On  comparing  sodium  and  its  analogues,  which  will  be  described  later 
with  other  metallic  elements,  it  will  be  seen  that  those  properties, 
together  with  the  relative  lightness  of  the  metal  itself  and  its  com- 
pounds, and  the  magnitude  of  the  atomic  weight  of  sodium,  comprise 
the  most  essential  properties  of  this  element,  clearly  distinguishing  it 
from  others,  and  enabling  us  easily  to  recognise  its  analogues. 

^  By  heating  sodinm  in  dry  ammonia,  Gay-Lussac  and  Th^nard  obtained  an  olive- 
green,  easily-fusible   mass,  aodamide^  NH.^Na,  hydrogen  being  separated.      This  sub- 
stance with  water  forms  sodium  hydroxide  and  ammonia;  with  carbonic  oxide,  CO,  it 
forms  sodium  cyanide,  NaCN,  and  water  H2O ;  and  with  dry  hydrogen  chloride  it  forms 
sodium  and  ammonium  chlorides.     These  and  other  reactions  of  sodamide  show  that  the 
metal  in  it  preserves  its  energetic  properties  in  reaction,  and  that  this  compound  of 
Bodium  is  but  little  more  stable  than  the  corresponding  chlorine  amide,  although  it  does^ 
not  show  its  property  of  spontaneous  decomposition,  which  is  evident  from  the  difference 
between  the  properties  of  metallic  sodium  and  gaseous  chlorine.    When  heated,  sodam- 
ide, NH^Na,  only  partially  decomposes,  with  evolution  of  hydrogen,  the  principal  part  of 
it  giving  ammonia  and  sodium  nitride,  Na^N,  according  to  the  equation  8NH2Na  =  2NH5 
+  NNaj.     The  latter  is  an  almost  black  powdery  mass,  decomposed  by  water  into  ammonia, 
and  sodium  hydroxide. 
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CHAPTER  XIII 

POTASSIUM,    RUBIDIUM/  CESIUM,    AND   LITHIUM.      SPECTRUM   ANALYSIS 

Just  as  the  series  of  halogens,  fluorine,  bromine,  and  iodine,  correspond 
with  the  chlorine  contained  in  common  salt,  so  there  also  exists  a  cor- 
responding series  of  elements :  lithium,  Li=7,  potassium,  K=39, 
rubidium,  Rb=85,  and  caesium,  Cs=133,  which  are  analogous  to  the 
sodium  in  common  salt.  These  elements  bear  as  great  a  resemblance 
to  sodium,  Na=23,  as  fluorine,  F=19,  bromine,  Br=80,  and  iodine, 
1=127,  have  to  chlorine,  CI =35-5.  Indeed,  in  a  free  state,  these 
elements  are,  like  sodium,  soft  metals,  which  rapidly  oxidise  in  moist 
air,  and  decompose  water  at  the  ordinary  temperature,  forming  soluble 
hydroxides,  haWng  clearly- defined  basic  properties,  and  the  composi- 
tion RHO,  like  that  of  caustic  soda.  The  resemblance  between  these 
metals  is  sometimes  seen  with  striking  clearness,  especially  in  com- 
pounds such  as  salts.  The  corresponding  salts  of  nitric,  sulphuric, 
carbonic,  and  nearly  all  acids  with  these  metals  have  many  points  in 
common.  The  metals  which  resemble  sodium  so  much  in  their  reac- 
tions are  termed  the  metals  of  the  alkalis. 

Among  the  metals  of  the  alkalis,  the  most  widely  distributed  in 
nature,  after  sodium,  is  potassium.  Like  sodium,  it  does  not  appear 
either  in  a  free  state  or  as  oxide  or  hydroxide,  but  in  the  form  of  salts, 
which  present  much  in  common  with  the  salts  of  sodium  in  the  manner 
of  tlieir  occurrence.  The  compounds  of  potassium  and  sodium  in  the 
earth's  crust  occur  i\&  mineral  compounds  of  silica.  With  silica,  SiOj, 
potassium  oxide,  like  sodium  oxide,  forms  saline  mineral  substances 
like  glass.  If  different  other  oxides,  such  as  lime,  CaO,  and  alumina, 
AI2O3,  combine  with  these  compounds,  there  is  formed  glass,  or  a 
glassy  stony  mass,  which  is  distinguished  by  its  great  stability.  It  is 
such  complex  silicious  compounds  as  these  which  contain  potash 
(potassium  oxide),  KjO,  or  soda  (sodium  oxide),  Na^O,  and  some- 
times both  together,  silica,  SiOj,  lime,  CaO,  alumina,  AI2O8,  and  other 
oxides,  that  form  the  chief  mass  of  rocks,  out  of  which,  judging  by 
the  distribution  of  the  strata,  the  chief  mass  of  the  accessible  crust 
(envelope)  of  the  earth  is  made  up.     The  piimary  rocks,  like  granite, 
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porphyry,  <&c.,^  are  formed  of  such  crystalline  silicioiis  rocks  as  these. 
The  oxides  entering  into  the  composition  of  these  rocks  do  not  fcmn  a 
homogeneous  amorphous  mass  like  glass,  but  are  distributed  in  a  smes 
of  peculiar,  and  in  the  majority  of  cases  crystalline,  oompoandsy  into 
which  the  primary  rocks  may  be  divided.     Thus,  as  has  been  already 
mentioned,  granite  contains  felspar,  quartz,  and  mica.     Potaah  and 
soda,  &c,,  are  generally  found  in  these  component  parts  of  rocks.     Thus 
a  felspar  (orthoclase)  in  granite  contains  from  8  to  15  percent,  of  potas- 
sium, whilst  another  variety  (plagioclase)  which  also  occurs  in  granite 
contains  1*2  to  6  per  cent,  of  potassium,  and  6  to  12  per  cent,  of  sodiom. 
The  mica  in  granite  contains  3  to   10  per  cent,  of  potassiom.     As 
has  already  been  mentioned,  and  will  be  further  explained,  the  friable, 
crumbling,   and    stratified   formations  which  in  our  times    cover  a 
large  part  of  the  earth's  surface  have  been  formed  from  these  primaiy 
rocks  by  the  action  of  the  atmosphere,  and  of  water  containing  car- 
bonic acid.     It  is  evident  that  in  the  formation  of  these  friable  forma- 
tions from  the  primary  rocks  by  the  action  of  water,  the  compounds  of 
potassium,  as  well  as  the  compounds  of  sodium,  must  have  been  dis- 
solved by  the  water  (as  they  are  soluble  in  water),  and,  therefore,  the 
compounds  of  potassium  must  be  accumulated  together  with  thoee  of 
sodium  in  sea  water.    And,  indeed,  compounds  of  potassium  are  always, 
as  we  have  already  pointed  out  (Chaps.  I.  and  X.)  found  in  aea  water. 
This  forms  one  of  the  sources  from  which  they  are  extracted.     After 
the  evaporation  of  sea  water,  there  remains  a  mother  liquor,  which 
contains  potassium   chloride  and  a   large   proportion  of  magnesium 
chloride.     On  cooling  this  solution  crystals  separate  out,  which  contain 
chlorides  of  magnesium  and  potassium.     A  double  salt  of  this  kind, 
called  camallitey  KMgClgjGHaO,  occurs  at  Stassfurt.     This  carnallite^ 
is  now  employed  as  a  material  for  the  extraction  of  potassium  chloride^ 
and  of  all  the  compounds  of  this  element.^     Besides  which,  potassium 

^  The  origin  of  the  primary  rocks  has  been  mentioned  in  Chap.  X.  Note  2. 

'  Camallite  belongs  to  the  number  of  double  salts  which  are  directly  decomposed  by 
water,  and  it  only  crystallises  from  solutions  which  contain  an  excess  of  magnesium 
chloride.  It  may  be  prepared  artificially  by  mixing  strong  solutions  of  potassium  and 
magnesium  chlorides,  when  colourless  crystals  of  sp.  gr.  1*60  separate,  whilst  the  Stass- 
furt salt  is  usually  of  a  reddish  tint,  owing  to  traces  of  iron.  At  the  ordinary  tempera- 
ture sixty-five  parts  of  camallite  are  soluble  in  one-hundred  parts  of  water  in  the  pre- 
sence of  an  excess  of  the  salt.  It  deliquesces  in  the  air,  forming  a  solution  of  magne- 
sium chloride  and  leaving  potassium  chloride. 

3  The  method  of  separating  sodium  chloride  from  potassium  chloride  has  been 
describe<l  on  p.  72.  On  evai>oration  of  a  mixture  of  the  saturated  solutions,  sodium  chloride 
separates ;  and  then,  on  cooling,  i)otassium  chloride  separates,  owing  to  the  diflezenoe  of 
the  variation  of  their  solubilities  with  the  temperature.  The  following  are  the  most 
trustworthy  figures  for  the  solubility  of  jwtussium  chloride  in  one  hundred  parts  of 
water  (for  sodium  chloride,  see  Chap.  X.  Note  IS) : — 

10®  20^  40^  C0°  100= 

82  86  40  40  67 
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chloride  itself  is  sometimes  found  at  Stassfurt  as  tylvine.  By  a 
method  of  doable  saline  decomposition,  the  L'liloride  of  potassium 
may  be  converted  into  lUl  the  other  potassium  sslte,'  some  of 
which  are  of  practical  use.  The  potassium  salts  have,  however, 
their  greatest  importance  as  an  iitdlRpensable  component  of  the  food 
of  plants.'' 

Wlieu  mixnA  with  solutioim  of  othtc  xulM  the  Bolubility  of  poUnHium  clUaridi]  nuturally 
varioa,  but  tiQt  to  any  (!w«t  eitent.  The api)ciflci[Ta''ity  "'  Uie  solid  s&tt  in  1'99— (hat  ia, 
losa  thaji  that  of  liodium  chloride.  All  the  uiltB  ol  sodiau  are  spenificAlly  henvitn  thui 
the  correspoDding  exits  of  poUaeivm,  an  ore  iil«>  their  solntiotig  for  eqiul  poroentiw) 
compoflitionH.  If  the  )i[riTcifi<!  gravity  of  watar  at  4°  =  100<H),  then  at  Ifi"'  tlie  apecitic 
gravity  o(  a  solution  of  p  p.o.  potaasiiua  chloridB=ll»l(a  +  fl3-M/i  +  0aaa;j',  and  thorefore 
for  10  p.d.-1064T,  30  p.c.^ll84H,  £c. 

Potauiom  chloride  combineH  with  iodine  tnohloride  to  (onn  aoompouud  KCl-tlClj^ 
KIClu  of  a  yellow  ulonr,  which  is  fniiible,  loses  the  iodine  trichloride  at  a  led  beat,  lUid 
gives  potaesiam  iodala  and  hydrochloric  acid  with  water.  Il  iij  not  only  formed  by 
direct  combinntion,  but  also  hy  lunny  other  methods;  for  instancB,  by  pasung  chlorine 
into  a  Bolutiun  of  potaHsiam  iodide  eo  long  ox  the  gas  is  absorbed  KX-t-SClgaKCUlCI]. 
PotahHium  iodide,  when  treated  with  potassium  chlorate  and  strong  hydrochloric  acid, 
also  K'ves  this  compound ;  another  mulhod  for  the  tonnation  of  which  is  sluiwu  by  the 
eqDationKC10s  +  I-MlHCt^KCl,ICls  +  SCI-fSH.,0.  This  is  a  kind  of  a  salt  correapoDd- 
iug  witb  KIO2  (aoknown)  iti  whioh  the  oxy^n  is  replaced  hy  chlorine.  If  atouuiiity  is 
taken  as  a  utartiiig  point  in  the  study  of  chemical  compounds,  aud  if  the  elements  an 
isidered  us  having  a  constant  atomicity  (number  ot  bonds)— tliat  is,  if  K,  CI,  and  I 


DOnted  a 


iphuii  the  tarmatioii  of 

ralent  elements  ore  only  able  tu 

fiomple,  KCl,  CU,  KI,  6k.,  whihil  here  they 


such  a  compound,  because,  accord 
form  dusl  Gomponnd*  with  each  r 
are  grouped  together  in  the  molecule  KICIf. 

*  It  ia  possible  to  dirvctly  extract  the  compounds  ot  potassium  from  the  ]>Timary 
rocks  which  ore,  especially  in  some  localities,  so  widely  distributed  oret  the  earth'* 
S[irfa4.-e.  From  a  chemical  point  of  view  this  problem  presents  no  difftcnlty;  for  ill' 
Btouce,  by  fauug  powdered  orthoclase  with  lime  and  fluor  spar  (Ward's  method)  and 
then  extracting  the  alkali  with  water  (in  the  fmiion  the  lilica  gives  an  insoluble  com- 
pound with  lime),  or  by  treating  the  orthocloHe  with  hydruduoric  acid  (iu  which  cowi 
silicon  fluoride  is  evolved  as  a  gas)  it  is  poaeible  to  transfer  the  alkali  of  the  orthocloas 
to  an  oqiieomi  solution,  and  to  seiwrate  it  in  this  manner  from  the  other  insoluble  oxides. 
Thus  after  treating  with  hydrofluoric  acid,  many  fluorides  ore  obtained  in  solution, 
chiefly  the  fluorides  of  aluminium  and  potassium.  If  the  solution  he  evaporated  and 
sulphuric  acid  then  added,  hydrofluoric  acid  in  evolved  and  the  metals  ate  obtained  M 
aolphates.  On  adding  ammonia  to  the  solntion  of  these  salts,  the  aluminium  is  precipi- 
tated at  hydroxide,  uud  the  salts  of  ammonia  and  potoaaiiuii  remain  in  solution.  Tha 
ammonia  salt  is  then  decomposed  hy  igniting,  and  the  potassium  sulpliate  is  obtained 

nient,  oh  there  still  esiel  abundant  sources  for  the  eitraction  of  poloasiom  compoonda 
hy  cheaper  methods.  Furthermore,  the  salts  of  potassium  are  now  iu  the  majority  ot 
chemical  reactions  replaced  by  salts  of  sodium,  especially  since  the  preparation  of  sodini 
carbonale  has  been  faciUtated  by  Leblanc's  method.  Die  replacement  of  poUusiai 
compounds  hy  sodium  compounds  not  only  presents  the  advantage  that  the  salts  1 
sodium  are  in  general  cheaper  than  thoae  of  pobusinm,  but  also  that  a  less  quantity  ol 
sodium  salt  is  needed  (or  a  given  tvoction  than  of  a  iioiasaiam  salt,  because  the  combii 
ing  weight  of  sodium  (33)  is  leas  than  tlut  of  polossium  (SB). 

°  It  has  been  shown  by  direct  experiment  on  the  cuUivalioo  of  plauti  in  artificial 
soils  and  in  lolutions  that  under  conditions  (pbyainU,  oliemical,  and  physiological)  other- 
wise identical  plants  are  able  to  thrive  and  become  fully  developed  iu  the  tvtire  absenoa 
of  sodium  lalts,  hut  that  their  development  is  impassible  without  polaisiuui  aolli. 
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The  primary  rocks  contain  an  almost  equal  proportion  of  potassium 
and  sodium.     But  in  sea  water  the  compounds  of  the  latter  metal  pre- 
dominate.    It  may  be  asked,  what  became  of  the  compounds  of  potas- 
sium in  the  disintegration  of  the  primary  rocks,  if  so  small  a  quantity 
went  to  the  sea  water  ?     They  remained  with  the  other  products  of  the 
decomposition   of  the  primary   rocks.      When  granite   or  any  other 
simihir  rock  formation  is  disintegrated,  there  are  formed,  besides  the 
soluble  substances,  also  insoluble  substances — sand  and  finely-divided 
clay,  containing  water,  alumina,  and  silica.     This  clay  is  carried  away 
by  the  water,  and   is  then  deposited  in  strata.     It,  and  especially 
its  admixture  with  vegetable  remains,  retsdn  compounds  of  potassium 
in  a  greater  quantity  than  those  of  sodium.     This  has  been  proved, 
with  absolute  certainty,  to  be  the  case,  and  is  due  to  the  absorptive 
power  of  the  soil.     If  a  dilute  solution  of  a  potassium  compound  be 
filtered   through  common   mould  used   for  growing  plants,   and    con- 
taining clay  and  the  remains  of  vegetable  decomposition,  it  will  be 
found  to  have  retained   a  somewhat  considerable  percentage  of  the 
potassium  compounds.     If  a  salt  of  potassium  be  taken,  then  during 
the  filtration  an  equivalent  quantity  of  a  salt  of  calcium — which  is  also 
found,  as  a  rule,  in  soils — is  set  free.     Such  a  process  of   filtration 
through  finely -divided  earthy  substances  proceeds  in  nature,  and  the 
compounds  of  ix)tassium  are  everywhere  retained  by  the  friable  earth 
in  considerable  quantity.     This  explains  the  presence  of  so  small  an 
amount  of  potassium  salts  in  the  water  of  rivers,  lakes,  streams,  and 
oceans,  whei*e  the  lime  and  soda  have  accumulated.    The  compounds  of 
potassium  retained  by  the  friable  mass  of  the  earth  are  absorbed  as  an 
aqueous  solution  by  the  roots  of  playits.     Plants,  as  every  one  knows^ 
when  burnt  leave  an  ash,  and  this  ash,  besides  various  other  substances,^ 
without   exception   contiiins   compounds    of   potassium.      Many   land 
plants  contain   a  very  small  amount  of  sodium   compounds,^  whilst 
potassium  and  its  compounds   occur  in   all  kinds  of   vegetable   ash. 
Among   the  generally  cultivated  plants,  grass,  potatoes,  the  turnip, 
and  buckwheat  are  particularly   rich  in   potassium  compounds.     The 
ash  of  plants,  and  especially  of  herbaceous  plants,  buckwheat  straw, 
sunflower  and  potato  leaves  are  used  in  practice  for  the  extraction  of 
potassium  compounds.     There  is  no  doubt  that  potassium  occurs  in  the 
plants  themselves  in  the  form  of  complex  compounds,  and  often  as  salts 
of  organic  acids.     In  certain  cases  such  salts  of  potassium  are  even 
extracted  from  the  juice  of  plants.     Thus,  sorrel  and  oxalis  for  example, 
contain  in  their  juices  the  acid  oxalate  of  potassium,  C2HKO4,  which  is 

*  If  herbaceous  plants  coutain  much  sodium  salts,  it  is  evident  that  these  salts  mainly 
proceed  from  the  mxlium  compounds  in  the  water  absorbed  by  the  plants. 
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employed  for  removing  ink  stftina.  Grape  juice  contains  the  so-called 
cream  of  tartar,  which  is  the  acid  tartrate  of  potassium,  CjHjKOs-^ 
This  salt  also  separates  as  a,  sediment  from  wine.  When  the  plants, 
containing  one  or  more  of  the  salts  of  potassium,  are  burnt,  then  the 
carbonaceous  matter  is  oxidisecl,  and  in  consequence  the  potassium  is 
obtained  in  the  ash  as  carbonate,  K^COj,  which  is  generally  known 
as  potaahfK.  Hence  potashes  occur  ready  prepared  in  the  ash  of 
plants,  and  therefore  the  ash  of  land  plants  is  employed  ns  a  source 
for  the  extraction  of  potassium  compounds.  Potassium  carbonate  is 
extracted  by  lixiviatiDg  the  ash  with  water.*     Potassium  carbonale 


,«pl«. 


tit  &lws}'s  contain  mitiernl  HtibBtiuicoB  and  aannot  tliriva  in  h  iipliere  n-hich 
aiin  them,  Bspauialljr  wliioh  \i  trse  from  tha  shJLh  o[  the  lour  baaio  oiiden,. 
K,0,  CaO,  M^O,  anil  FcjOi,  and  □(  the  four  acid  oxides,  CO,.  N,0],  PgO,,  and  SOj,  the 
qnestian  uivoluntiiril}-  arises  u  to  what  port  these  play  in  the  development  of  plants. 
With  the  prewnt  utore  of  chemical  data  only  one  answer  is  pouible  to  this  gneatioo. 
and  it  ia  Btill  only  a  hypotherii.  This  answer  wan  purtienlarly  dearly  eipreaaed  bj 
ProfeBNir  OanUrson  ol  the  Fetroffsliy  AgriflnRnral  Academy.  Starting  fiom  the  (act 
[Chap,  XI.  Note  55)  that  a  small  qoantity  ol  alumininm  renders  possible  and  fauilitates 
the  reaction  of  bromine  on  hydrucarbona  at  the  ordinary  temperatnie,  it  in  easy  to  arrive 
at  the  conclnaioQ,  which  ia  very  probable  and  in  ■fX'ordanoe  with  many  data  reapecting 
the  reactions  of  orf^nnic  compounds,  thut  the  addition  ol  mineral  sabstances  to  organic 
compounds  lowers  the  temperature  of  reaction  and  in  general  faoilitates  chemical  reao- 
liona  in  plants,  and  thus  aids  the  conversion  ol  the  most  Bimple  nontishing  snbatAnoea 
into  the  complex  component  parts  of  the  plant  organism.  The  province  of  chemical 
reactions  proceeding  in  organic  anbetancOK  In  the  preMmce  of  a  small  quantity  ol  mineral 
sabstinces  ha«  as  yet  been  bnt  little  investigated,  although  there  are  already  seversl 
disconnected  data  ol  this  kind,  and  although  a  great  deal  is  known  oonceming  such  reac- 
tions ninoni;  inor)jaiuc  compounds.  The  Bnaence  of  the  matter  may  be  eiprussed  thne — 
two  substances,  A  and  B.  do  not  react  on  each  other  of  their  own  accord,  but  the  addi- 
tion of  a  email  quantity  of  a  third  particnlarly  active  substance,  C,  prodacies  the  reac- 
tion of  A  on  B,  because  A  combines  with  C,  forms  AC,  and  B  reacts  on  Ibis  new  com- 
pmind.  which  has  a  diflerent  store  ol  chemical  energy,  forming  the  compound  AB  or  its 
prodncts,  and  setting  C  free  again. 

It  may  here  bo  remarked  thai  all  the  mineral  subatances  necessary  for  plants  (tlioM 
enumerated  at  the  beginning  of  the  note)  are  the  highest  saline  compoonds  of  their 
elements,  that  they  euter  into  the  plants  as  salts,  that  the  loner  forma  of  oxidation  ol  the 
lame  elemratB  (for  instance,  snlphitea  and  phosphites)  are  harmfnl  In  planlH  (poisonDus)i 
and  that  strong  eolnlions  of  the  nits  assimilated  by  plants  (their  osmotic  pressure  ia 
groat  and  contracts  the  cells,  as  De  Vries  showed,  see  p.  893)  not  only  do  not  enter  into 
the  plants  but  kill  them  (poison  them). 

Besides  which,  it  will  be  understood  from  the  preceding  paragraph  that  the  aalta  of 
potaasium  may  become  exhausted  (mm  the  eoil  by  long  cultivation,  and  that  there  may 
therefore  be  oases  when  the  direct  fertilisation  by  salts  of  potassium  may  be  profitable. 
But  manure  aud  animal  eicreinents,  ashes,  and,  in  general,  nearly  all  refuse  which  may 
serve  for  tertilisiug  the  soil,  contain  a  considerable  quantity  of  potassium  talts.  and 
therefore,  as  regards  the  ualura]  salta  ol  potaasiiun  (9ta8sfnrt).and  eepeciiLllj  potassium 
salphate.  if  tliey  often  improve  the  crops,  it  is  in  all  probability  because  they  inBuence 
the  properties  of  the  soil.  The  agricnltDriat  canuot  therelorel  be  adrised  t 
potassium  nalts.  without  making  special  axperimente  showing  the  advantage  of  such  a 


a  given  kind 


int. 


J 
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may  also  be  obtained  froiu  the  chloride  b^  a  method  fdmiUr  tu  that  bj 
which   sodium  carbonate  is  prepared  from    sodium    chloride.     There 

vonaidenitle  qauitity  of  potiuamin  compoandu.  UoweTer,  cov'h  milk  conWns  but  litUe 
potAwtinm  luiita.  Sodiam  uompaand*  gencmllj  pnsdoraiiMte  in  itniiiml  bixliea.  Tlia 
eivremeat  ot  njumaia,  and  eB|»tiijiily  of  h«rbiiorau8  uiimklB.  on  tlie  canRsry.  olteii  con- 
tHins  a  lu-ge  proportion  of  patuwniu  salts.  Thus  ulutep's  dting  i«  ridi  in  them,  and  ia 
washing  aheep'tt  woo]  salti  of  putasainni  poBfl  into  the  wiLter. 

The  Hsh  of  Iree  gtenu.  lu  the  Already  dormant  jwrtion  of  the  plant  |Chap.  VUI. 
Nate  II,  contauiB  little  potash.  For  the  extraction  of  )»lash,  wliic^h  was  formerlf  ilnton 
the  diicoverjr  of  the  Stanatort  ealt)  carried  on  BiteDHiiel]'  in  the  east  of  Rnaaia,  the  uh 
of  grasKa,  uid  the  gteen  portionn  of  potatoes,  buckwheat.  &e.,  are  tuken  and  treated 
with  water  (Uiiriated),  the  solntion  in  evaporated,  nud  the  reaidne  ignited  in  order  to 
deHtroy  the  organic  matter  present  in  the  extract.  The  residue  thns  obtained  is  com- 
poBed  of  row  potash.  It  is  reOiied  by  a  second  disBolotion  in  a  Hmall  quantity  of  water, 
becauK  the  potsah  itself  is  very  solnble  lu  water,  whiliit  the  impurities  are  spiuin(ly 
aoluble.  The  solatiou  thus  obtginad  is  agiun  evaporated,  and  the  residue  ignited,  uxl 
this  pottuh  is  then  called  refined  potash,  pearlash.  This  method  of  treatment  cannot 
give  chemioally  ptire  potassium  carbonate.  A  certun  amount  of  impurities  remaiD. 
To  obtain  chemically  pure  polaiBinm  carbonate,  some  other  nUt  of  potnuiiuai  is  gsna- 
rail;  taken  and  purified  by  erystallisation.  PotasHiom  carbonate  crystalliseH  with  diB- 
cnlty,  and  it  cannot  therefore  be  purifled  by  this  means,  whilst  other  salts,  sodi  u  the 
tartrate,  acid  carbonate,  snlpliate,  or  nitrate,  Sic,  trystalliee  easily  and  may  tbu  be 
directly  purified.  The  tartrate  is  most  frequently  taken,  all  the  more  as  it  is  piepiuvd 
in  large  qoantities  [or  medicinal  u>«  nnder  the  name  of  cream  of  tartar.  Wbaa 
ignited  without  the  s^vess  of  air,  it  leaves  a  mixture  of  cbarcosi  and  potaflnom  CNT- 
bonate.  The  charcoal  is  then  obtained  in  a  finely-divided  conditioa  (this  niiitnia  is 
called  '  black  fiui,'  and  is  sumetiiues  used  for  reducing  metaU  froin  their  oxides,  by  (he 
aid  of  heat).  A  certain  quantity  of  nitre  is  added  to  bum  the  charcoal  lomwd  by 
heating  the  cream  of  tartar.  PotasBJum  carbonate  thus  preirared  is  further  puriSod  by 
converting  it  into  the  acid  salt,  by  pasBing  a  current  of  carbaniu  anhydride  thrai^ 
a  strong  solution,  KUCOj  is  then  formed,  which  is  less  soluble  than  tlie  iinnnal  aalt 
|aa  is  the  case  with  the  corresponding  Bodium  saJts|,  and  therefore  crystals  of  the  acid 
Hslt  separate  from  tho  solution  on  cooling.  When  ignited,  they  part  with  their  mlet 
and  carbonic  anhydride,  and  pace  potawium  carbonate  remains  behind.  The  pliyueal 
properties  of  potossimn  carbonate  distinguish  it  with  aafSoient  distinctoesu  from  sodium 
carbonate ;  it  is  obtained  from  solutions  as  a  powdery  white  mass,  having  lUi  dkaline 

the  moisturo  of  the  air  with  great  energy.  The  crystals  do  not  contam  water,  bat 
absorb  it  from  Che  air,  deliquescing  into  a  saturated  solution.  It  melts  at  a  tvd  heat 
(1*90°),  and  at  ■  still  higher  temperature  is  even  converted  into  Tapour.  aa  baa  been 
obaerred  at  glass  works  where  it  is  employed.  It  is  very  soluble.  At  the  ordinair 
temperatare.  water  dissolves  an  eqnal  weight  of  the  salt.  Crystals  containing  (wo 
eijnivalents  o(  water  Beparuls  from  sncb  a  saturated  solation  when  stronjcly  cooM. 
There  is  no  nocesgity  to  describe  its  reactions,  because  they  are  entirely  analogotu  to 
those  of  sodium  carbonate.  When  manufactured  sodium  carbonate  vras  but  littb 
known,  the  consumption  of  potassium  carbonate  was  very  considerable,  and  eveii  now 
wsahing  soda  is  frequently  replaced  for  household  purposes  by  '  ley ' — i.e.  an  aqoecnu 
solution  obtained  from  ashes,  tt  contains  potassium  carbonate,  which  acts  tike  tba 
sodium  salt  in  washing  tissues,  linen,  Ac. 

A  mixture  of  potassium  and  sodium  carbonate  fuses  with  much  greater  ease  than  tlw 
separata  salts,  and  a  mixture  of  their  aolntions  gives  salts  of  a  fine  crystalline  form — br 
instance  (Marguerite's  salt),  K,C0,,QHiO,aNa,C0],flH]O.  Crystallisatiou  also  fto- 
ceeds  in  other  multiple  proportion  a  of  K  andNa  (in  the  above  case  1 ;  9,  boll ;  I  and  l:" 
are  known),  and  always  with  fl  mol.  H^O,  This  is  evidently  a  combination  by  aiMtZa^,  a> 
in  alloys,  BolDlions,  Ac. 
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is  no  difficulty  in  obtaining  any  salt  of  potassium — for  example,  tha 
sulphate,^  bromide,  and  iodide '" — by  the  action  of  the  corresponding 

°  Pulataium  taljikiili:  K.^i^O^,  crfBUlliKH  From  ilii  nolutionii  in  no  &ii]iydious  caodi- 
tton.in  wbivh  reepeot  it  dilfern  from  the  correnpODdingwidiani  unit,  jnatiiBpoUBBiiiin  uu. 
boimte  3if(iini  trnm  Bwlinm  carbonale.     In  ganarttl,  it  must  be  observed  that  the  majority 
ot  Borlintti  Halts  combine  more  eawili^  with  water  of  CEjhtiLDiBiitiou  than  the  potaHsilUtt 
tmltii.     Tlie  Bolnbilitif  of  pntiutium  tulpkalg  doei  not  show  tbe  e«me  poonliaritie*  i 
sodinm   Holpliate,  bec&ase  it  doea  not  cdmbine  with   water  of  oryBtalliutian  ;  at   I] 
nrihltry  t^mperulnre  100  parts  of  wiitai  dieBolye  about  10  parts  ot  tbe  ludt,  «t  0"  i 
[urts.  and   »t  100°  Bboul  3a  parts.      The  acid  tulphale,  KUSO,,  obtained  easily  b; 
heating  uryntalH  of    the    Dormal  salt  with  anlphuric  acid.  \a  Irequantly  employed 
fhemioal  practice.     On  beating  the  miitare  of  acid  and  salt,  fnme*  of  sulphuric  acid 
at  first  IziTen  off;  when  they  ceaee  to  be  **To]Ted.  the  acid  salt  is  oontalned  in  the  resic 
At  a  higher  temperatnre  (of  above  600°)  the  acid  salt  parts  with  all  the  acid  cotitainH 
it,  the  normal  salt  bBingre-fonned.    The  deflnitfl  composition  ot  this  ncid  salt,  and  the 
ease  with  which  it  decompfiaeN,  render  It  exceedingly  ralnabia  for  certain  chemical  traT 
formations  accomplished  by  means  of  sulphurio  aeid  at  a  high  temperature.  becaUHe  it 
poaaible  totahe,  in  the  form  of  thin  Halt,  a  itriotly  defiuite  quiuitity  uf  sulpharic  ac 
and  to  act  on  a  giTen  substance  at  a  high  lemperalnre,  which  it  is  often  neccKsary  to  i 
more  especially  in  rbemical  anatyiin.      In  this  caHe,  the  acid  salt  acts  in  eioctly  tb» 
Eune  nuinner  as  sulphnric  acid  itself,  but  the  action  of  the  Utl«r  is  inconvenient  at 
tempemtures  above  tOO",  because  it  would  all  evaporate,  while  at  that  temperatnre  the 
acid  salt  ntill  remaiiu  in  a  fused  state,  and  acts  with  the  elements  ot  sulphuric  acid  on 
the  substance  teJiBD,    Hen(«  by  iti  means  the  boiling-point  of  lulphuric  acid  is  raised. 
Thus  the  acid  potassiata  sulphate  ih  employed,  tor  etample.  where  for  coarersiou  of 
L-enain  oiides,  such  an  the  oxides  of  iron,  aluminium,  and  diromium,  into  i^alts,  a  high 
temperature  is  required. 

Weber,  by  heating  potatiBinm  sulphate   with   an  e»r*BS  of  Hulphuric  aoid  at  IWV, 
observed  the  formation  of  a  lower  etratuio,  wliiqli  was  foond  to  contain  a  definite  torn- 
liound  containing  eight  equivalents  of   80j    per  equivalent  of    Vi..Q.     The    salts    of 
rubidium,  rvsium,  and  thallium  give  a  similar  result,  but  those  of   sodium  and  lithiuni    ' 
do  not. 

^°  The  bromida  and  iodids  of  potasaiom  are  used,  hhe  the  corresponding  sodium 
compounds,  in  medicine  and  photography.    Potassium  iodide  is  easily  obtained  iu  a  pl3^^ 
stale  by  saturating  a  solution  of  hydriodie  ttcid  with  eanntic  potanli.     In  practice,  how- 
ever.-this  method    id  rarely  had  recourse  to,  other  more  simple  processes  being  em-     ] 
ploj^  although  they  do  not  give  bo  pure  ■  product.     They  aim  at  the  direct  forma 
of  hydriodie  A<^d*  in  the  liquid  in  the  presence  of  potaasiain  hydroxide  or  carbonate. 
Thus  iodine  is  thrown   Into  a  solution  of  pure  potash,  and  hydrogen  sulphide  pai 
through  the  mivtare,  the  iodine  being  thus  converted  into  hydriodie  afid.     Or  a  solution    I 
is  prepared  from  phoBphoroa,  iodine,  and  water,  containing  hydriodie  and  phosphoric  acid^    I 
lime  is  then  added  to  this  solution,  and  calcium  iodide  is  obtained  in  solution,  and 
calcium  phoaphate  «a  a  precipitate.    Tbesolationof  calcium  iodide  giten.  with  potaHHinm 
carbonate,  inui^luhle  calcinm  carbonate  and  a  solution  ot  pntaasium  iodide-    If  iodine  ia    i 
added  to  a  sligbtly-heated  solution  ot  caustic  potash  (free  from  carbonate — that  is.  freshly 
lirepared),  so  long  as  the  eolution  is  not  coloured  from  the  presence  ot  an  eiceas  of  iodine, 
then  there  is  farmed  (as  in  the  action  of  chlorine  on  a  solution  of  caustic  potash)  a 
inixtnre  of  potaAninni  iodide  and  iodate.     On  evaporating  the  solution  thus  obtained  and 
igniting  the  residue,  the  iodate  is  deilrojed  and  converted  into  iodide,  the  oxygen  being 
ditengaged,  and  potassium  iodide  only  ia  left  behind.     On  dissolving  the  residue  in  water 
and  then  evaporating,  cubical  crystals  of  the  anhydrous  salt  are  obtained,  wliich  are 
soluble  in  water  and  alcohol,  tnse  and  give  an  alkaline  reaction,  owing  to  tbe  fact  tbal 
when  ignited  a  portion  of  the  salt  decompoaea,  forming  potAsaiam  oxide.     The  nenttal 
salt  mky  he  obtained  by  adding  hydriodie  acid  to  tble  alkaline  salt  until  it  girei  an 
aoid  reaction.   It  ia  beet  to  add  eome  finely-divided  charcoal  to  tbe  miitare  of  iodat*    I 
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acid  on  the  carfjonate,  whilst  the  hydroxide,  caiutie  poioihj  IvTTO^  whidi 
is  in  manv  respects  analo*j:<>as  to  caustic  soda,  is  easily  obtained  hj 
means  of  lime  in  exactly  the  same  manner  as  sodium  hydroxide  is  pre- 
pared £D>m  sodiam  c:irb«>nate.^^  Therefore,  in  order  to  complete  our 
knowledge  of  the  alkali  metals,  we  will  only  describe  two  salts  of 
potassium  which  are  of  practical  importance,  and  whose  analogues  haTe 
not  been  described  in  the  preceding  chapter. 

Pota43*ium  cyan  id*?,  which  presents  in  its  chemical  relations  a  certain 
analogy  with  the  halogen  salts  of  potassium,  is  not  only  formed  accord- 
ing to  the  ei^uation,  KHO-|-HCX=HjO+KCN,  but  also  when- 
ever a  nitrogenous  carbon  compound — for  instance,  animal  matter is 

heated  in  the  presence  of  metallic  potassiimi,  or  of  a  compound  of 
potassium,  and  even  when  a  mixture  of  potash  and  carbon  is  heated  in 
a  stream  of  nitrogen.  P«>tassium  cyanide  is  obtained  from  yellow 
prussiate  (p.  401),  which  has  been  already  mentioned  and  whose  pre- 
paration on  a  large  scale  will  be  described  in  speaking  of  iron.  If 
the  yellow  prussiate  be  ground  to  a  powder  and  dried,  so  that  it  loses 
its  water  of  crystallisation,  then  it  melts  at  a  red  heat,  and  decomposes 
into  carbide  of  iron,  nitrogen,  and  potassium  cyanide,  FeK^CgX^s 
•IKCN  +  FeCa  +  No-  After  the  decomposition  it  is  found  that  the 
yellow  salt  has  been  convertetl  into  a  white  mass  of  potassium  cyanide. 
The  carbide  of  iron  forme^l  collects  at  the  bottom  of  the  vesseL     If 

a.vA  iodide  before  igniting  it.  as  it  facilitates  the  evolution  of  the  oxygen  from  the  iodat«. 
The  io<late  may  aliw  be  converteti  into  iodide  by  the  action  of  certain  reducing  agents, 
such  as  zinc  amalgam,  which,  when  boiled  with  a  solution  containing  an  iodate,  converts 
it  into  ifKlide.  Potassium  iodi<ie  may  also  be  prepared  by  mixing  a  solution  of  ferrous 
iwlide  lit  in  best  if  the  w^lution  contains  an  excess  of  iodine)  and  i>otassium  carbonate,  in 
which  case  ferrous  carlK)nate,  FeCOj,  is  precipitated  (with  an  excess  of  iodine  the  pre- 
cipitate is  granular,  and  contains  a  compound  of  the  suboxide  and  oxide  of  iron),  while 
potassium  iwlide  remains  in  solution.  Ferrous  iodide,  Fel.2,  is  obtained  by  tlie  direct 
action  of  iodine  on  iron  in  water.  Potassium  iodide  considerably  lowers  the  temperature 
feven  by  24"),  when  it  dissolves  in  water,  100  parts  of  the  salt  dissolve  in  73-5  parts  of 
water  at  12-5",  in  70  parts  at  Iw,  whilst  the  saturated  solution  which  boils  at  120-  con- 
tains 100  parts  of  salt  per  45  parts  of  wattr.  Solutions  of  potassium  iodide  dissolve  a 
couhiderable  amount  of  iodine ;  strong  solutions  even  dissolving  as  much  or  more  iodine 
than  they  contain  as  jwtassium  io<iide  isre  Chap  XI.  Note  64). 

*i  Caustic  pr)tash  is  not  only  formed  by  the  action  of  lime  on  dilute  Nolutions  of 
potassium  carl>onate  (as  sodium  hydroxide  is  prepared  from  sodium  carbonate),  but  also 
by  igniting  jjotassium  nitrate  with  finely-divided  copper  (sr^  Note  15),  and  also  by  mixing 
wjlntions  of  i>otassium  sulphate  (or  even  of  alum,  KAlSoOg)  and  barium  hydroxide, 
BaHaOi-  It  is  sometimes  purified  by  dissolving  it  in  alcohol  (the  impurities,  for  example, 
potassium  sulphate  and  carbonate,  are  not  dissolved)  and  then  evaporating  the  alcohol. 

Tlie  specific  gravity  of  i)otassium  hydroxide  is  2*04,  but  that  of  its  solutions  (mw 
Chap.  XII.  Note  IH)  at  15^  S  =  iWJ2  +  904/;  +  0-28/;»  (here  ;?'  is  +,  and  for  sodium 
hvflroxid*?  it  is  — ).  Strong  solutions,  when  cooled,  yield  a  crystallo-hydrate,  KHO,4H20, 
wliich  dissolves  in  water,  pro<hicing  (like  2NaHO,7H.20)  cold,  whilst  iwtassium  hydroxide 
in  solution  develops  a  considerable  amount  of  heat. 
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the  mass  tlius  obtained  be  treated  with  water,  the  putaBEium  cyanide 
is  partially  decompose*!  by  the  water,  but  if  it  be  treated  with  alcohol, 
then  the  cyanide  ia  dissolve*!,  and  on  cooling  separates  in  a  crystalline 
form.'^  A  solution  of  potassium  cyanide  has  n.  powerfully  alkaJine 
reaction,  e.  smell  like  that  of  bitter  almonds,  peculiar  to  prussic  acid, 
and  acts  as  a  most  powerful  poison.  Although  exceedingly  stable 
in  a  fused  state,  potassium  cyanide  easily  changes  when  in  solution. 
Prussic  acid  ia  bo  very  feebly  energetic  that  even  water  decomposes 
potassium  cyanide.  A  solution  of  the  salt,  even  without  access  of  air, 
easily  turns  brown  and  decomposes,  and  when  heated  evolves  ammonia 
and  forms  potassium  formate  ;  this  is  easily  comprehensible  from  the 
representation  of  the  cyanogen  compounds  which  was  developed  in 
Chap.  IX.,  KCN  +  2H,0=CHK0,+NH,.  Furthermore,  as  carbonic 
anhydride  acts  on  potassium  cyanide  with  evolution  of  prussic  acid,  and 
as  potassium  cyanate,  which  is  also  unstable,  is  formed  by  the  action  of 
air,  it  will  be  easily  seen  that  solutions  of  potassium  cyanide  are  very 
unstable.  Potassium  cyanide,  containing  as  it  does  carbon  and 
potassium,  is  a  substance  which  can  act  in  a  very  vigorously  reducing 
manner,  especially  when  fused  ;  it  is  therefore  used  as  a  powerful 
reducing  agent  at  n  red  heat.  A  considerable  quantity  of  potaasium 
cyanide  is  used  in  the  arts,  more  particulatly  for  the  pi'eparation  of 
metallic  solutions  which  are  decomposed  by  the  action  of  a  galvanic 
current ;  thus  it  is  very  frequently  employed  in  electro-silvering  and 

1^  In  UiiB  oiufl  il  ifl  evident  tbat  &1I  the  cyanogen  which  war  in  cjocobiaAtJon  with  the 
iron  is  deoompoied  into  niDi>gen,  which  ih  evolved  as  gas.  amd  into  cvboDi  which  com- 
binSB  with  the  iron.  In  ordei  to  avoid  this,  pot&Miam  csrbonBte  ia  added  to  the  jetlow 
prasBinle  while  it  in  being  fased.  A  mixture  uf  H  parts  of  aahjrdraui  yellow  prosiiists 
and  3  {nTts  of  pare  potouium  cu-bonate  in  generally  taken.  On  fuBing,  double  decom- 
poBition  takea  place,  resulting  in  the  formation  ot  ferrous  carbonate  and  potauiom 
cyanide.  But  by  this  method,  a*  by  the  first,  a  pure  Halt  is  not  obtained.  (1)  because  it 
portion  of  the  potusiam  cyanide  is  oiidiied  at  the  expense  of  the  iron  CHrbonat«  and 
roima  potaMiam  cyanate,  FeCOj  ■•  ECS  =  CO,  +  Fe -I- KCNO :  (8)  a  portion  of  the  iron 
under  the  action  □(  the  water  again  paases  into  solution ;  and  (S)  the  potauiinm  cyanide 
very  easily  forma  oxide,  which  acts  on  the  udeH  of  tlie  Te«sd  in  which  the  mixture  is 
heated  (to  avoid  this  iron  vesKeln  Hhuuld  be  need),  £c.  By  adding  one  part  ot  charcoal 
powder  to  the  mixture  oF  S  parts  of  auhydrona  yellow  prnssialu  and  8  parts  of  potassium 
carbonate  a  mtsn  is  obtained  which  is  free  from  uyauale,  because  the  corbon  absorbs  the 
oxygen,  but  then  it  is  impossible  to  obtain  a  colourless  pnUsiiDm  cyanide  by  simple 
fusioii.  although  Uiis  may  he  easily  done  by  dissolving  it  in  alcohol.  Natnr&lly,  purs 
potassium  cyanide  ma;  be  easily  obtajned  i(  hydrocyanic  acid  be  saturated  with  canitio 
potash,  and  especially  U  caustic  potash  be  dissolved  in  alcohol  and  hydrocyanic  acid  gas 
be  passed  through  this  solution;  crystalsof  potassium  cyanide  then  separate  directly  rrom 
the  solaUon.  Potassium  cyanide  is  now  prepared  in  large  qnontities  from  yellow  prussiale 
for  gilding  and  silvering.  When  fused  in  laige  quantitiee  the  action  of  the  oxygen  ot  the 
sic  is  hmited.  and  the  entire  operation  may  be  uondacted  with  great  care,  and  therefoie, 
on  a  large  scale  very  pure  salt  ia  somelimea  obtained.  When  slowly  cooled,  the  fused 
uult  separates  in  cabicol  orystals  like  potassium  chloride. 


I 
I 
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lufly  alsii  be  obtained  from  the  chloride  by  a  method  similai-  to  that  by 
which   sodium  carbonate  is  prepared  from   sodium   cliloride.      There 

nnde.  Uavterer,  uiw'c  milk  coutoins  bat  litll* 
coinpaDnda  generally  predommiiU!  in  tmimai  bodies.  Tlw 
excrement  ot  tuumuls,  lUid  enperidly  of  herbivoroas  uiinuls,  on  the  contrar}',  often  con- 
UJD*  a.  lojga  proportioD  ol  pobuiiam  ults.  Thai  sheep's  dung  is  rich  in  them,  tad  in 
WBAliing  Hlieep'a  wool  aiUtA  of  potaAHJam  poaa  into  the  vater. 

The  aah  of  tree  sterna,  aa  the  nlread;  doimuit  portion  of  the  plant  (Chap.  VUL 
Note  II,  oontuna  little  potuh.  For  the  extraction  of  potaidi,  which  vts  tonaerly  {beFora 
the  discover;  of  the  StaHtnrt  salt)  curried  on  eiteaaivel;  in  the  enst  ol  BduIb,  the  luh 
of  grueea,  and  the  green  portions  of  potatoes,  bncknlieat,  &c.,  ore  taJien  and  treated 
with  w&ter  (lixiviated),  the  solution  is  evapocated,  and  the  reaidue  ignited  in  order  U 
destroy  the  organic  matter  present  in  the  extract.  The  residue  thns  obt^ued  is  com- 
posed of  raw  potash.  It  is  refined  by  a  second  dissolatiou  in  a  email  quantity  of  water, 
becaDUj  the  potaah  itself  ia  very  soluble  in  water,  whilst  the  impuritiea  ure  apuingl; 
eolabte.  The  solution  thus  obtained  is  again  evaporated,  and  the  rewdue  ignit«d.  aild 
thia  potash  is  then  called  refined  potash,  pearlash.  This  tnutbod  of  treatment  oannot 
give  chemically  pure  potassium  carbonate.  A  certain  amount  of  impuritiea  retsain. 
To  obtain  chemically  pore  potaasiom  carboDBte.  some  other  salt  ot  potasaiam  is  gene- 
rally taken  and  pnrified  by  crystalhsation.  Fotamium  carbonate  cryatalliaea  with  diffl- 
uulty,  and  it  caimot  therefore  be  purified  by  thta  means,  whilst  otlier  aalta,  such  u  the 
toilnte,  acid  carbuuatv,  sulphate,  or  nitrate,  Arc,  crystallise  easily  and  may  Uuu  be 
directly  pnrified.  The  tartrate  is  most  frequently  taken,  all  the  more  ss  it  ia  prepond 
in  large  quantities  for  medicinal  uee  under  the  name  of  creuu  of  tartar.  WtiRi 
ignited  without  the  aoceas  uf  air,  it  leaves  a  toiitore  of  chorajol  and  iwtasBiam  car- 
bonate. The  charcoal  is  then  obtained  in  a  finely-divided  condition  (tliis  miitnn  it 
called  '  black  tloi,'  oud  is  eometjoun  used  for  reducing  metals  from  tlieir  oiideti,  by  lbs 
aid  of  heat).  A  certain  quantity  of  nitre  is  added  to  bum  the  oliarmal  fanned  t? 
heating  the  cream  of  tartar.  Fotassium  carbonate  thus  prepared  ia  turtlier  pnriiied  bf 
ooaretting  it  into  the  acid  salt,  by  pasaing  a  current  of  carbonic  anhydride  thnn^ 
a  strong  solutiau.    KHCOj  ia  then  formed,  which  is  leea  solnble  than  tlie  normal  salt 

salt  separata  from  tlie  solution  on  cooling.  When  ignited,  tliey  part  with  their  water 
and  aarboniu  anhydride,  and  pure  potassiam  carbonate  retnaina  behind.  The  physjnl 
properties  of  potassium  carbonate  distingniab  it  with  buMcietat  disbinctnees  from  sodium 

taate  and  reaction,  and,  as  a  rule,  ahtiws  only  traces  of  crystallisation.  It  also  attroots 
the  moisture  of  the  air  with  great  energy.  The  crystals  do  not  contain  water,  but 
absorb  it  from  the  air,  deliqaescing  into  a  saturated  aolution.  It  melta  at  a  red  beat 
(Hl)0°),  and  at  a  still  higher  temperature  is  even  converted  into  vapour,  h£  haa  bMn 
obKFved  at  glass  works  where  it  is  employed.  It  is  very  soluble.  At  the  ordinaiy 
temperature,  water  dissolves  an  equal  weight  of  the  salt.  Crystals  containing  two 
equivalents  of  water  separate  from  such  a  eaturated  aolution  when  atroDgly  cooled. 
There  ia  no  necessity  to  describe  ita  reactions,  because  they  are  entirely  analoguns  to 
those  of  sodium  carbonate.  When  manufactured  sodium  carbonate  was  bat  little 
known,  the  consomption  of  potasaium  carbonate  was  very  considerable,  and  even  now 
waahing  Bcda  ia  frequently  re[ilaued  for  household  purposes  by  'ley '"i.e.  an  aqneoui 
solution  obtained  from  aahea.  It  contains  polossinm  eaibonate,  which  acta  Uka  Um 
sodium  rniit  in  wnahing  tisanes,  linen,  ibc. 

A  mixture  of  potassium  and  aodiom  carbonate  fuaes  with  much  greater  ease  dian  Ihe 
separate  salts,  and  a  mixture  of  their  eolaUons  givea  salts  of  a  fine  crystnlline  form — for 
instance  (Margnerite'a  salt),  K,COs,UH.jO,aNa,CO:,6H,0.  Crystallisation  also  pro- 
tceda  in  other  multiple  proportions  of  K  and  Na  (id  the  above  case  1]  9,  but  1 : 1  and  It  5 
iireknownl,and  alwaya  with  S  mol,  H^O.  ThJa  is  evidently  a  combination  by  aualog)/,  as 


POTASSIUM,   RtrBIDlUM.   CAKSUrjI,   AND   LITHIUM  541 

is  no  difficulty  in  obtaining  any  salt  of  potassium — for  example,  tlie 
sulphate,^  bromide,  and  iodide '"^by  the  action  of  the  corresponding 

tion,  in  which  reepeut  it  diflers  from  the  curriHipaiuting  aodium  aaJt,  jnat  &b  potassitun  car- 
bonate diflen  from  aodium  caibounltf.  In  general,  it  mnit  be  observed  that  th?  nuLJorilf 
of  •odiuin  wiltc  cotnbine  more  eaeil]'  nitli  water  of  ci;»Ullia«tioa  than  the  potouiuin 
MiBts.  The  tolubilit;  ol  potaarium  mlphate  does  not  show  the  Hinip  pecuharitiea  aa 
Bodiiun  sulphate,  becaDM!  it  iloen  not  combine  witli  water  of  cryBtallieation ;  at  tha 
□rdinai;  lemperatare  100  putts  of  muter  diseolve  about  10  ports  oF  the  salt,  at  0°  8')! 
partM,  and  at  100°  abant  90  parts.  The  acid  luIpAdfo,  KHSO,,  obtained  easily  by 
heating  cryetals  of  the  norma]  »1t  with  milphuric  acid,  is  frequently  employed  in 
chemioal  praotice.  On  heating  the  miitare  of  acid  and  aalt,  (nmes  of  Hilphuric  acid  are 
at  fint  given  oR ;  vhen  they  ceane  to  be  eTolved,  the  acid  Hit  is  contained  in  the  residue. 
At  a  higher  lflm|ierature  (of  above  eoo°)  the  acid  ealt  parts  with  all  the  acid  contained  iu 
it,  the  normal  Bait  being  re-lormed.  The  definite  composition  of  this  acid  salt,  and  the 
eaae  with  which  it  dec-ompoees,  render  it  exceedingly  valuable  for  certain  chemical  tranb- 
fonnationa  accomplished  by  means  of  sulphuric  acid  at  a  high  temperature,  because  it  is 
posaible  to  take,  in  the  form  of  this  salt,  a  strictly  definite  qoantity  of  milpliuric  acid, 
and  to  act  on  a  gifen  substance  at  a  high  temperature,  which  it  is  often  necessary  to  do, 
more  cBpeoinUy  in  i^bemioal  analysis.  In  this  case,  the  acid  salt  acta  in  exactly  the 
oame  manner  as  sulphuric  ncid  iteelt,  but  the  action  of  the  latter  is  inconvenient  at 
temperatureH  above  lOD".  becaase  it  would  all  evaporate,  while  at  that  temperatuie  the 
acid  salt  still  remains  in  a  fused  state,  and  acts  with  the  elements  of  sulphuric  acid  on 
the  sabstonce  takan.  Hence  by  ita  mean*  tha  bniling-pomt  nl  sulpbnric  acid  i«  raised. 
Thns  the  acid  potosBium  snlphate  is  employed,  lor  example,  where  for  conversion  ot 
certain  oxides,  uich  as  the  oxidesof  iron,  sJnmininm.  and  chromium,  into  salts,  a  high 
'  temperature  is  required. 

Weber,  by  heating  potassium  sulphate  with  an  excess  of  solpburic  acid  at  100". 
observed  the  formation  of  a  tower  stratum,  whicli  was  found  to  contain  a  definite  coni- 
pound  containing  eight  equivalents  of  SOj  per  equivalent  of  K.,0,  The  salts  of 
rubidium,  cssium,  and  thalliutti  give  a,  similar  result,  but  tbote  of  soilitmi  and  lithium 
do  not. 

■0  The  brofnidt  and  iodide  ol  potossinm  are  need,  like  the  corresponding  eodimn 
compounds,  in  medicine  and  photograpliy.  PotOBsiaiD  iodide  is  easily  obtained  in  a,  pare 
state  by  saturating  a  solution  of  bydriodic  acid  with  caustic  potabli.  In  practice,  how- 
ever,'this  method  is  mrely  hod  reronrse  to,  other  more  simple  processes  being  em- 
ployed slUuingh  the;  do  not  give  so  pure  a  product.  They  aim  at  the  direct  formation 
of  hydrlodic  acid*  in  the  liquid  in  the  pretence  of  potassioni  hydroxide  or  carbonate. 
Thus  iodine  is  thrown  inl<i  a  solution  of  pure  potash,  and  hydrogen  sulphide  passed 
tluongh  the  mixture,  the  iodine  being  thas  conrerted  into  liydriodic  acid.  Or  a  solution 
is  prepared  from  phosphorus,  iodine,  and  water,  containing  bydriodic  and  phosphoric  acid; 
lime  is  Ibmi  added  to  thie  solution,  and  calcium  iodide  is  obtained  in  solution,  and 
calcinni  phosphate  as  a  precipitate.  The  solution  of  caleinm  iodide  gives,  with  potassium 
carbonate,  insoluble  calcium  carbonate  and  a  solation  of  potassium  iodide.  If  iodine  is 
added  to  a  slightly -heated  solution  of  canstic  potash  (free  from  corliDnalB— that  is,  freshly 
prepared),  10  long  aa  the  solution  ik  not  coloured  from  the  presence  of  an  excess  of  iodine, 
then  there  is  formed  fat  in  the  ocUoo  of  chlorine  on  a  sulutiun  ol  caustic  potash)  a 
mixture  of  potassium  iodide  and  iodat«.  On  evaporating  the  solution  thus  obtained  and 
igniting  the  residue,  the  iodate  is  destroyed  and  sun  verted  into  iodide,  the  oxygen  being 
disengaged,  and  potassium  iodide  only  is  left  behind.  OndiMsolving  the  residue  in  water 
and  then  evaporating,  cubical  crystals  of  the  onliydrous  salt  are  obtained,  which  are 
soluble  in  water  and  alcohol,  (use  and  give  an  alkaline  reaction,  owing  to  the  fact  that 
when  ignited  a  portion  of  the  salt  deaomposes.  forming  potassium  oxide.  The  nentral 
■alt  ma;  be  obtained  by  adding  bydriodic  acid  to  this  alkaline  salt  until  it  gives  an 
acid  reaction.  It  is  best  to  add  some  finely-divided  charcoal  to  the  mixture  of  iodalv 
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is  to  add  a  solution  of  potassium  carbonate,  or  to  simply  treat  it  with 
ashes  containing  this  substance.     The  potassium  carbonate  enters  into 
double  decomposition  with  the  calcium  and  magnesium  salts,  forming 
insoluble  carbonates  of  these  bases  and  leaving  the  nitre  in  solution. 
Thus,  for  instance,  K2C03  +  Ca{N03)2=2KN03  +  CaC03.     Both  cal- 
cium and  magnesium  carbonates  are  insoluble,  and  therefore  after 
treatment  with  potassium  carbonate  the  solution  no  longer  contains 
salts  of  these  metals  but  only  the  salts  of  sodium  and  potassium  together 
with  organic  matter.     The  latter  partially  separates  on  heating  in  an 
insoluble   form,  and  is  entirely  destroyed  by  heating  the  nitre  to  a 
low  red  heat.     The  nitre  thus  obtained  is  easily  purified  by  repeated 
crystallisation.     The  greater  part  of  the  nitre  used  for  making  gun- 
powder is  now  obtained  from  the  sodium  salt  Chili  saltpetre  or  ctthic 
nitre,  which  occurs,  as  has  been  already  mentioned,  in  nature.     The- 
conversion  of  this  salt  into  common  nitre  is  also  carried  on  by  means- 
of  a  double  decomposition.     This  is  done  either  by  adding  potassium 
carbonate  (when,  on  mixing  the  strong  and  hot  solutions,  sodium  car- 
bonate is  directly  obtained  as  a  precipitate),  or  as  is  now  most  fre- 
quent, potassium  chloride.     When  a  mixture  of  strong  solutions  of 
potassium  chloride  and  sodium  nitrate  is  evaporated,  sodium  chloride 
first  separates,  because  this  salt,  which  is  formed  by  the  double  decom- 
position KCl-|-NaN03=KN03-hNaCl,  is  almost  equally  soluble  in 
hot  and  cold  water  ;  on  cooling,  therefore,  a  large  amount  of  potassium 
nitrate  separates  from  the  saturated  solution,  while  the  sodium  chloride 
remains  dissolved.     The  nitre  is  ultimately  purified  by  reerystallisation 
and  by  washing  with  a  saturated  solution  of  nitre,  which  cannot  dis- 
solve a  further  quantity  of  nitre  but  only  the  impurities. 

Nitre  is  a  colourless  salt  having  a  peculiar  cool  taste.  It  easily 
crystallises  in  long  striated  six-sided  rhombic  prisms  terminating  in 
similar  pyramids.  Its  crystals  (sp.  gr.  1*93)  do  not  contain  water,  but 
their  cavities  generally  contain  a  certain  quantity  of  the  solution  from 
which  they  have  crystallised.  For  this  reason  in  refining  nitre,  large 
crystals  are  not  obtained  but  saltpetre  fiour  is  prepared.  At  a  low 
red  heat  (339°)  nitre  melts  to  a  colourless  liquid.^*  Potassium  nitrate 
at  the  ordinary  temperature  and  in  a  solid  form  is  inactive  and  stable, 

1^  Before  fusing,  the  crystals  of  potasBiom  nitrate  change  their  form,  and  take  the 
same  form  as  sodium  nitrate — that  is,  they  change  into  rhomhohedra.  Nitre  crystal- 
lises from  hot  solutions,  and  in  general  under  the  influence  of  a  rise  of  temp>eratare,  in  a 
different  form  from  that  given  at  the  ordinary  or  lower  temperatures.  Fused  nitre  solidi- 
fies  into  a  radiated  crystalline  mass ;  but  it  does  not  exhibit  this  structure  if  metallic 
chlorideK  be  present,  so  that  this  method  may  be  taken  advantage  of  to  determine 
the  degree  of  purity  of  nitre.  With  a  small  trtwje  of  sodium  chloride,  the  mass  of  nitre 
solidified  after  fusion  does  not  present  any  signs  of  crystallisation  in  the  middle. 

Camelley  and  Thomson  (1888)  determined  the  fusing  point  of  mixtures  of  potassium 
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but  at  a  kiffh  tejnperature  it  acts  as  a  powerful  oaeidwing  agent, 
because  it  gives  up  a  considerable  amount  of  oxygen  to  substances 
mixed  with  it.'*  When  thrown  on  incandescent  charcoal  it  brings 
about  its  rupid  combustion,  and  a  mechanical  mixture  of  powdered 
charcoal  and  nitre  ignites  when  brought  into  contact  with  a  red-hot 
substance,  and  continues  to  burn  by  itself.  In  this  action,  nitrogen  is 
evolved,  and  the  oxygen  goes  to  oxidise  the  charcoal,  in  consequence  of 
which  potassium  carbonate  and  carbonic  anhydride  are  formed : 
4KN03  +  5C=2KaCOj  +  3CO,+  2Nj.  This  phenomenon  depends  on 
the  fact  that  oxygen  in  combining  with  carbon  evolves  more  heat  than 
it  does  in  combining  with  nitrogen.  Hence  when  once  the  combustion 
has  been  started  at  the  expense  of  the  nitre,  it  is  able  to  go  on  without 
requiring  the  aid  of  external  heat.  A  like  oxidation  or  combustion  at 
the  expense  of  the  contained  oxygen  proceeds  when  nitre  is  heated 
with  different  combustible  substances.  If  a  mixture  of  sulphur  and 
nitre  be  thrown  upon  a  red-hot  surface,  then  the  sulphur  burns,  form- 
ing potassium  sulphat«  and  sulphurous  anhydride.  In  this  case,  also, 
the  nitrt^n  of  the  nitre  is  evolved  as  gas  :  SKNO^  +  SS^KjSOi+N, 
-fSOj.     A  similar  plienomenon  takes  place  when  nitre  is  heated  with 

iitpbe 


a9B=  aHS''        368°         348°        381°        381°         243^        SM"        806° 

whicfa  coufirDiB  Sh&fFgutHch's  obserTation  (1HE7)  that  the  lowest  tmong  point  (■boot  SSI") 
18  given  b7  mining  molecnUr  qauitilies  (;i='B4'S)  of  the  nita — that  is,  in  the  formatioD 
of  tlie  alloy,  KNOj.NaNOj. 

A  someirliat  eimilar  rvHnlt  was  discovered  by  the  aame  obserrers  for  the  solabilit;  ol 
miitureii  of  thette  tiultg  at  20°  in  IDO  parts  ol  water.  Thai,  if  p  be  the  weight  ol  potas- 
Biitni  nitrate  niiied  with  100— ji  ports  b;  weight  ot  sodium  nitrate  taken  for  solution, 
and  c  be  tho  (|UHi]tity  o(  the  mixed  salts  which  dissolves  in  100,  the  solnbility  of  sodium 
nitrate  being  HS,  and  of  potaasinm  nitrate  84,  parte  in  100  parts  ol  water,  then— 
ji-   10  20  SO  40  60  60  70  SO  90 

C-IIO  IBS  1811  IBB  100  81  78  El  41 

The  maiitnum  solubility  proved  not  to  answer  to  the  most  fasible  mixture,  but  to  one 

Both  these  phenomena  show  that  in  bomogeneoae  liquid  miitures  the  chemical  forces 
that  act  between  Hubitanccs  are  the  same  as  those  that  determine  the  molecular  weights 
ot  Bubstaiires,  even  when  the  mixture  consists  of  such  analogous  subotonces  aa  potaa- 
nium  and  sodium  nitrates,  between  which  there  in  no  direct  chemical  interchange.  It  is 
instructive  to  cole  also  that  the  maiimnm  solubility  does  not  correspoud  with  the  mini- 
mum fusing  point,  which  naturally  depends  on  the  fact  that  a  third  substanoe,  namely 
water,  participates  in  solution,  although  an  attraction  between  the  salts,  like  that  which 
exists  between  sodium  and  potassiom  carbonalas  (Note  8),  also  partially  ads. 

"  Fused  nitre,  with  a  Further  rise  of  temperature,  disengages  oxygen  and  then  nitro- 
gen. The  nitrite  KNOj  is  Hrst  lormed  and  then  potassium  oxide.  The  admiitnic  ol 
certain  metals— for  example,  of  finely-divided  copper — aide  the  last  decomposition.  The 
oxygen  in  this  gose  naturally  passes  over  to  the  metal. 
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many  metals.  The  oxidation  of  those  metals  which  are  able  to  form 
acid  oxides  with  an  excess  of  oxygen  is  especially  remarkable.  In 
this  case  they  remain  in  combination  with  potassium  oxide  as  potassium 
salts.  Manganese,  antimony,  arsenic,  iron,  chromium,  (fee.,  are  in- 
stances of  this  kind.  These  elements,  like  carbon  and  sulphur,  displace 
free  nitrogen.  The  lower  oxides  of  these  metals  when  fused  with  nitre 
pass  into  the  higher  oxides.  Organic  substances  are  also  oxidised 
when  heated  with  nitre — that  is,  they  bum  at  the  expense  of  the  nitre. 
It  will  be  readily  understood  from  this  that  nitre  is  frequently  used  in 
chemical  practice  and  the  arts  as  an  oxidising  agent  at  high  temper- 
atures. Its  application  in  gunpowder  is  base<l  on  this  ;  gunpowder  con- 
sists of  a  mechanical  mixture  of  finely-ground  sulphur,  nitre,  and  char- 
coal. The  relative  proportion  of  these  substances  varies  according  to 
the  destination  of  the  powder  and  to  the  kind  of  charcoal  employed  (a 
friable,  incompletely- burnt  charcoal,  containing  therefore  hydrogen  and 
oxygen,  is  employed).  Gases  are  formed  in  its  combustion,  chiefly 
nitrogen  and  carbonic  anhydride,  which  create  a  considerable  pres- 
sure if  their  escape  be  in  any  way  impeded.  This  action  of  gun- 
powder may  be  expressed  by  the  equation  :  2KN03-h3C-f-S=K5S-»- 
aCOj-fNg. 

It  is  found  by  this  equation  that  gunpowder  should  contain  thirty- 
six  parts  of  charcoal  (13-3  p.c),  and  thirty-two  parts  (11*9  p.c.)  of  sul- 
phur, to  202  parts  (74*8  p.c.)  of  nitre,  which  is  very  near  to  its  actual 
composition.^^ 

^^  In  China,  where  the  manufacture  of  gunpowder  has  long  been  practised,  they  use 
75'7  of  nitre,  14*4  of  charcoal,  and  99  of  sulphur.  Ordinary  powder  for  sporting  purposes 
contains  80  parts  of  nitre,  12  of  charcoal,  and  8  of  sulphur,  whilst  the  gunpowder  used 
in  cannons  contains  75  of  nitre,  15  of  charcoal,  and  10  of  sulphur.  Gunpowder  explodes 
when  heated  to  300°,  when  struck,  or  by  contact  with  a  spark.  A  compact  or  finely- 
divided  mass  of  gunpowder  bums  slowly  and  has  but  little  dynamic  action,  because  it 
bums  by  degrees  (consecutively).  To  act  properly  the  gunpowder  must  have  a  known 
rate  of  combustion,  so  that  the  pressure  should  increase  and  not  diminish  during  the 
passage  of  the  projectile  along  the  barrel  of  the  fire-arm.  This  is  done  by  making  the 
powder  granular  or  in  the  shape  of  6-sided  prisms  with  holes  through  them  (prismatic 
powder). 

The  products  of  combustion  are  of  two  kinds :  (1)  gases  wliich  produce  the  pressure 
and  form  the  reason  of  the  dynamical  action  of  gunpowder,  and  (2)  a  solid  residue, 
usually  of  a  black  colour  owing  to  its  containing  unburnt  particles  of  charcoal.  Besides 
charcoal,  the  residue  generally  contains  potassium  sulphide,  KoS,  and  a  whole  series  of 
other  salts — for  instance,  carbonate  and  sulphate.  This  already  shows  that  the  combus- 
tion of  gunpowder  is  not  so  simple  as  it  appears  to  be  from  the  above  formula,  and  hence 
the  weight  of  the  residue  is  also  greater  than  indicated  by  that  formula.  According  to 
the  formula,  270  parts  of  gunpowder  give  110  parts  of  residue — that  is,  100  ports  of 
powder  gives  374  \n\xi»  of  residue,  K..>S,  whilst  in  reality  the  weight  of  the  residue  varies 
from  40  p.c.  to  70  p.c  (generally  52  p.c).  This  difference  depends  on  the  fact  that  so 
much  oxygon  (of  the  nitre)  remains  in  the  residue,  and  it  is  evident  that  if  the  residue 
varies  the  composition  of  the  gases  evolved  by  the  powder  will  vary  also,  and  therefore 
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FotosBium  was  obtained  like  sodium  ;  first  by  t)ie  action  of  a  gal- 
vanic current,  then  by  reduction  of  the  hydroxide  by  mejins  of  metallic 
iron,  and  lastly,  by  the  action  of  charcoal  on  the  carbonate  at  a  high 
temperature.  The  preparation  of  metallic  jwt^issium  differs,  however, 
from  that  of  sodium  in  that  it  eaeily  combines  with  carbonic  oxide, 
forming  an  explosive  and  inflammable  maas." 

However,  i[i  its  essential  points  the  method  of  its  extraction  is 
not  different  from  that  of  sodium,  because  potassium  is  quite  as  volatile 
aA  sodium,  if  not  more  so.  At  the  ordinary  temperature,  potassiuiii 
is  even  softer  than  soiliuni,  its  frpshly-cut  Borfaces  present  a  whiter 
colour  than  sodium,  but,  like  the  latter,  and  with  even  greater  ease,  it 
Oxidises  in  moist  uir.  It  is  brittle  at  low  temperatures,  but  is  quite 
soft  at  25°,  and  melts  at  M".  At  a  low  red  heat  (TiO')  it  distils  with- 
out change,    foiTDing   a  green   I'apour,  whose  density,'"  according   to 

tlie  entire  procsKii  nlll  be  diltereiit  in  diflerent  cues.  The  difference  in  the  i:oiiii>u8ition 
of  the  guei  and  residue  depends,  u  the  reseuvhes  of  Oay-Luuac,  Shiahkofl  uid  Bun- 
•en,  Noble  uid  Abel,  FederoC,  &e.,  tliow.  on  the  cooditionii  under  vrhioh  the  conibaBticm 
of  the  powder  proceed*.  When  ganpowdet  bnine  in  iin  opMi  ap»oa,  the  giueoua  prodoots 
wbiob  are  lonned  do  not  Tsoikin  in  conltct  with  the  renidne,  and  then  a  oonnidersblB 
porUoD  of  the  chaTcoiiJ  entering  into  the  compnution  ut  the  powder  renuina  antunit 
bemnae  the  chsico&l  bniiH  tUm  the  anlphnr  at  the  eipenie  ot  the  oijgan  of  the  nitre. 
In  this  extreme  cnie  the  conunencement  of  Uie  cuDibnatiDn  of  the  gnapowder  niiijr  be 
eipresBed  by  the  eqaation,  3KNO,  +  8C*S^SC-)-S]SO,  +  GOi-r!4a.  The  reaidae  in  n 
blank  eutridtce  often  coneists  of  a  luiitnni  of  C,  K.,60t.  K.>CO„  uid  K,S,0;i.  U  the 
combastion  of  the  gunpovriler  be  impeded— if  it  take  plaoe  in  a  cartridge  in  tile  barrel  of 
H  gnn — the  qnuititj  of  pohuiiinm  lalphate  will  first  be  diniiniahed,  then  the  aoiDUiit 
of  sulphite,  whilst  the  amount  of  carbonic  anhydride  in  the  gaaea  and  the  amotut  of 
potaBsinm  sulphide  in  the  residue  will  inrreBse.  The  quantity  ol  charcoal  entering  inla 
the  action  will  thuu  be  also  increased,  and  hence  tba  amoout  in  the  residue  will  de- 
crease. Under  thcie  circnmatMices  the  weight  ol  the  residue  will  be  less — for  example, 
lK,CO:  +  lS  =  &,S04i-aK,9  +  lCO].  Besides  which,  Garbouic  oxide  has  been  found  in 
Ilie  gases,  and  potaisiiun  biiulphide,  KJAj.  in  the  residue  ol  gunpowder.  The  amount 
of  potaasiutD  salphide,  K.jS.  increases  with  the  completeness  of  the  combuHlioD,  and 
is  formed  in  the  rcHidue  at  the  expense  of  the  potassium  gulpbite.  In  recent  times  the 
knowledge  of  the  action  of  gunpowJerand  other  eiplosi  res  has  madv  much  progress,  and 
has  developed  into  a  vBfit  prorince  of  artillery  science. 

I'  The  substoDceii  obtained  in  this  case  ate  meutioned  in  Chap.  IS.  Note  81. 

>*  A,  Scott  (ISST)  determined  the  rapoor  densities  of  many  of  the  componuds  of  the 
nlkali  elements  in  a  platinum  vessel  healed  in  a  furnace  and  previonaly  Riled  with  nitco- 
Hon.  But  these,  the  Bist  data  conuemiug  a  subject  of  great  importance,  have  not  yet 
een  sufficiently  fully  described,  nor  have  they  received  as  much  attention  i 


ured.    Taking  Ibe  density  of  hydrogen  as  unily.  Scott  found  the  vapour  di 


iisities 


le  follow 


Na  ia-7B  (Ifl-BI, 

K  1»       (IQ'E). 

CsCl  80-6     {B4'9), 

FeCl.,  08 


KI  oa  (M). 
BbCl  TO  160), 
Csl  IBS  IIM^ 
A«C1    M)|71'T). 


This  llgure  ia  not  gl 
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A.  Scott,  is  equal  to  19  (if  that  of  hydrogen =1).  This  shows  that  the 
molecule  of  potassium  (like  that  of  sodium,  mercury,  and  zinc)  contains 
but  one  atom.  This  is  also  the  case  with  other  metals,  judging  by 
recent  researches.*^  The  specific  gravity  of  potassium  at  15^  is  0'87, 
and  is  therefore  less  than  that  of  sodium,  as  is  also  the  case  with  all 
its  compounds.'^  Potassium  decomposes  water  with  great  ease  at  the 
ordinary  temperature,  evolving  45000  heat  units  per  atomic  weight. 
The  heat  evolved  is  sufiicient  to  inflame  the  hydrogen,  the  flame  being 
coloured  violet  from  the  presence  of  particles  of  potassium.^* 

With  regard  to  the  relation  of  potassium  to  hydrogen  and  oxygen, 
it  is  closely  analogous  to  sodium  in  this  respect.  Thus,  with  hydrogen 
it  forms  potassium  hydride,  KjH  (between  200®  and  41 1°),  and  with 
oxygen  it  gives  a  suboxide  K4O,  oxide  K.2O,  and  peroxide,  only  more 
oxygen  enters  into  the  composition  of  the  latter  than  in  sodium  per- 

imder  these  conditions  (the  temperature  at  which  it  was  determined)  a  portion  of  the 
FeCls  was  decomposed.  If  it  was  not  decomposed,  then  a  density  81  would  correspond 
with  the  formula  FeCls,  and  if  the  decomposition  were  FejCle » 2FeCL|  +  Cl^i,  then  the 
density  should  be  54.  With  regard  to  the  silver  chloride,  there  is  reason  to  think  that 
the  platinum  decomposed  this  salt. 

The  majority  of  Scott's  results  so  closely  correspond  with  the  formulaa  that  a  better 
concord  cannot  be  expected  in  such  determinations. 

^'  The  molecules  of  non-metals  are  more  complex — for  instance,  Hv{,  O3,  CI2,  &c.  But 
arsenic,  whose  superficial  appearance  recalls  that  of  metals,  but  whose  chemical  proper- 
ties approach  more  nearly  to  the  non-metals,  has  a  complex  molecule  containing  AB4. 
With  respect  to  the  vapour  of  iodine,  see  Chap.  VII.  p.  818. 

^  As  the  atomic  weight  of  potassium  is  greater  than  that  of  sodium,  therefore  the 
volumes  of  the  molecules,  or  the  quotients  of  the  molecular  weight  by  the  specific  gravity, 
for  potassium  compounds  are  greater  than  those  of  sodium  compounds,  because  both  the 
denominator  and  numerator  of  the  fraction  augment.  We  cite  for  comparison  the 
volumes  of  the  corresponding  compounds — 

Na  24         NaHO  18        NaCl  28        NaNOj  87         Na-^SO^  54 
K    45        KHO    27        KCl    89        KNO3    48        K2SO4    66 

"  The  same  precautions  must  be  taken  in  decomposing  water  by  potassium  as  have 
to  be  observed  with  sodium  (Chap.  II.  Note  8). 

It  must  be  observed  that  potassium  decomposes  carbonic  anhydride  and  carbonic 
oxide  when  heated,  tlie  carbon  being  liberated  and  the  oxygen  taken  up  by  the  metal, 
whilst  on  the  other  hand  charcoal  takes  up  oxygen  from  potassium,  as  is  seen  from  the 
preparation  of  potassium  by  heating  potash  with  charcoal,  hence  the  reaction  E^^O  4-  C  ^ 
K2  "*"  CO  is  reversible  and  the  relation  is  the  same  in  this  case  as  between  hydrogen  and 
zinc.  Nothing  of  the  kind  could  be  expected  from  a  comparison  of  the  quantities  of 
heat  evolved  in  the  formation  of  these  compounds,  for  charcoal  in  combining  with 
oxygen  to  form  carbonic  oxide  evolves  (for  its  molecular  weight)  only  about  80000 
heat  units  (Chap.  IX.  Note  25),  whilst  potassium  in  forming  the  oxide  KqO  gives 
about  100000  units,  and  iron  in  forming  ferrous  oxide,  FeO,  evolves  about  70000  units. 
It  is  evident  that  the  decomposition  of  potassium  oxide  by  charcoal  is  accompanied  by 
the  absorption  of  a  large  amount  of  heat,  and  the  reverse  reaction — which,  however, 
proceeds  with  greater  difficulty — with  the  development  of  heat,  which  again  shows 
the  impossibility  of  judging  the  direction  in  which  a  reaction  will  proceed  from 
thermal  data. 
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oxide  ;  potassium  peroxide  ccintnina  KO.j,  but  it  is  probable  that  in  the 
combustion  of  potassium  an  uxide  KU  is  also  fonned.  Potassium, 
like  sodium,  is  soluble  iik  mercury.'^  In  a.  word,  the  relation  between 
sodium  and  potassium  ie  as  close  at  that  between  chlorine  and  bromine, 
or,  better  still,  between  Uuorine  and  chlorine,  as  the  atomic  weight  of 
sodium,  ^3,  is  as  much  greater  than  that  of  fluorine,  10,  as  that  of 
potassium,  39,  is  greater  than  that  of  chlorine,  35'r). 

The  resemblance  between  jfttaHsiwa  and  wdium  is  so  great  that 
t/ieir  euinyounds  can  only  lie  easily  distinguislied  in  the  form  of  certain 
of  their  salts.  For  instance,  the  acid  potassium  tartrate,  C^HjKOj 
(cream  of  tartar),  is  distinguished  by  its  sparing  solubility  in  water  and 
in  alcohol,  and  in  a  solution  of  tartaric  acid,  whilst  the  corresponding 
soilium  salt  is  easily  dissolved.  Therefore,  if  a  solution  of  tartaric  acid 
be  added  in  considerable  excess  to  the  solutions  of  the  majority  of 
potassium  salt^,  then  a  precipitate  of  the  sparingly-soluble  acid  salt  is 
formed,  which  does  not  occur  with  salts  of  sodium.  The  chlorides  KCl 
&nd  NaCl  in  solutions  easily  give  double  salts  K^FtClg  and  Na^FtCl^, 
with  platinic  chloride,  FtCl,,  and  the  solubility  of  these  salts  is  very 
different,  especially  in  a  mixture  of  alcohol  find  ether.  The  sodium  salt 
is  easily  soluble,  whilst  the  potassium  suit  is  insoluble  or  almost  so,  and 
therefore  the  reaction  with  platinic  chloride  is  that  most  often  used 
for  the  separation  of  potassium  from  sodium,  as  is  more  fully  described 
in  works  on  analytical  chemistry. 

It  is  possible  to  discover  the  least  traces  of  these  metals  in  admfx- 
toi'e  together,  by  means  of  their  property  of  Imparting  different  coloun 
to  njlarne.  The  presence  of  a  salt  of  sodium  in  a  flame  is  recognised 
by  a  brilliant  yellow  coloration,  and  a  pure  potassium  salt  colours  a 
colourless  flame  violet.  However,  in  the  presence  of  a  sodium  salt 
the  pale  violet  coloration  given  by  a  potassiuni  salt  is  quite  undistin- 
guialiable,  and  it  is  at  first  sight  impossible  in  this  case  to  discover  the 
potassium  salt  in  the  presence  of  that  of  sodium.  But  by  decomposing 
the  light  given  by  a  flame  coloured  by  these  metals,  or  a  mixture  of 
them,  by  means  of  a  prism,  they  are  both  easily  distinguishnhle,  because 

"  The  dofinita  urysUlliua  luiial^iuu  o(  potiwBiaiu  coaUina  twitti  lu  OIQuh  mercaiy, 
KH((,  (u  the  potusiiuu  peroiidH  eontttins  twioa  u  much  oiygeo,  Chmp.  XII.  Nota  SB). 

PottUfi'im  [onus  allot/i  with  todium  in  sU  proportioim.  Tba  allojB  uaDlaiaiiig  1  uid 
8  eqniviilButB  ol  potkaaiiuii  to  one  ajuivulent  of  sodiam  »re  liquid;  like  mprcarr  at  the 
ordinarj  lemperitiins.  Jnuiiij*,  bj  determiuijm  Uis  unoaot  of  bent  dBvelopod  by  thew 
■Uoys  in  decompoaing  vMut.  found  the  evolution  lor  Na.jK,  NftK.  NaK],  uid  \ikK]  to  lie 
**-S,  ifl.  *a-a  «nd  Ui  thouwuid  heat  niUU  reapeclivelj  (lor  Na  »a-0  and  tor  K  46-4). 
The  foimation  of  the  alloy  NaK,  n  therefore  a«ioni[»nied  by  the  development  of  heat, 
whilst  the  other  alloys  may  b«  regarded  aa  HlDtiona  of  potassium  oi  aodinm  in  this  alloy. 
In  any  oaiie  a  f&ll  of  the  temperature  of  faiioD  is  evident  in  this  iimtiuiGe  u  in  the  alloys 
of  nitre  (Note  14). 
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the  yeilow  light  emitted  by  the  sodium  salt  depends  on  a  group  of  Ught 
rays  having  a  definite  index  of  refmctiim  which  correaponds  with  the 
yellow  portion  of  the  aolar  spectrum,  having  the  index  of  refrsetion 
of  the  Frauenhofer  line  (Btrictly  speaking,  group  of  lines)  D,  whilst  the 
Baits  of  potassium  give  a  light  in  whicJi  these  rays  are  entirely  wanting, 
but  which  contain  rays  of  a  red  and  violet  colour.  Therefore,  if  a 
potassiuni  salt  occur  in  a  flame,  then,  on  decomposing  the  light  (fraiii 
a  flame  coloured  by  the 
salt)  after  passing  through 
II  narrow  slit  by  means 
of  a  prism,  there  will  be 
obtained  red  and  violet 
'•finds of  light  sitnatedata 
considerable  distance  from 
each  other  ;  whilst  if  a  so- 
dinm  salt  be  present  a  yei 
low  line  will  also  appear.  If 
both  metals  simultaneously 
r"<i]r  in  a  flame  and  emit 
lii:lit,  tlien  the  spectmm 
lini's  corresponding  to  the 
potflSKium  and  the  sodium 
will  simultaneously  appear. 


imp-  nt  llw  Knl«  rellEEiol  thnniKli  0 


'  rying  on  this  form  of  teat- 
■i  ing,  speelrosenpee  (fig,  72a) 
y  are  constructed,"  consist- 
Hw-iwnn    pnmL  ,^^  ^j  ^  refracting  prism 

and  three  tubes  directed  on  the  plane  of  the  refracting  angle  of  th« 
prism.  One  of  the  tubes,  C,  has  a  vertical  slit  at  the  end,  giving  access 
to  the  lifjht  to  be  tested,  which  then  passes  into  the  tube  (CHullimator), 


SDreinentH  mid  c 


parpuae  witJi  neve 
thnngk  tiix  pnan 
throngh  the  appei 


uid  then 


avtug  undergoDp 


re  compllrkted  spec- 
ire  fnrmsfaed  for  tbi* 

eclTOMope  the  light  pMM* 
internal  reflertion.  p**iet 
!  MUDS  811  pniflnB,  aail  again  by  an  entire  JuternaJ  refleo- 
With  RDch  K  powprfal  disperflion  the  relative  posjtion 
ot  the  spnctnl  litiea  may  be  determined  with  nccnracy.  For  the  absolnte  and  exact 
determination  nf  the  kbtb  lengthn  it  in  partinalnrty  important  that  the  specliTHmps 
BhouM  he  furnished  with  diffnictiDii  gratinge.  The  mnstmctinn  ol  spectrcwvipet  d«»i 
lined  far  special  parposes  (for  eTample,  for  invest ignting  the  light  of  ston,  or  far  deter- 
mining the  absorption  spectra  in  mioroscopie  preparations,  tie.)  is  exceedingly  yaried 
Details  of  thu  subject  must  he  looked  for  in  works  on  physics  and  on  epectnim  iioalyiie. 
Among  the  Intter  the  best  known  for  their  oompletenees  and  merit  are  those  of  Roaooe. 
Kayser,  Vogel,  and  Tri>coq  de  Boiiibanclran. 
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which  gives  the  rays  a  parallel  direction.  Ths  rays  of  light  having 
passed  through  the  slit,  ajid  hining  become  parallel,  are  refracted  and 
dispersed  io  the  priBni,  and  the  Bpectrum  formed  is  observed  through 
the  orifice  of  the  other  telescope  B.  The  third  tube  D  contains  a  hori- 
zontal transparent  scale  (at  the  exterior  end)  which  is  divided  into 
equal  divisions.  The  light  from  a  scarce  such  ns  a  gas  burner  or 
candle  placed  before  this  tube,  passes  through  the  scale,  and  its  image 
ia  thus  reflectM  on  that  face  of  the  prism  which  stands  Ijefore  the  tele- 
scope B,  so  that  the  image  of  the  scale  is  seen  through  this  telescope 
BJmultaneously  with  the  spectrum  given  by  the  rays  passing  through 
the  slit  of  the  tuljo  C.  In  this  manner  the  image  of  the  scale  and  the 
apectmm  given  by  the  source  of  light  under  investigation  are  seen 
simultaneously.  If  the  sun's  rays  be  directed  through  the  slit  of  the 
tube  C,  then  the  observer  looking  through  the  orifice  of  B  will  see 
the  aolar  spectrum,  and  (if  the  aperture  of  the  slit  be  narrow  and  the 
apparatus  truly  adjusted)  the  dark  Frauenhofer  lines  in  it.'*  Small- 
sized  spectroscopes  are  usually  ao  adjusted  that  (looking  through  B) 
the  violet  portion  of  the  Hpectruni  is  seen  to  the  right  and  the  i-ed  portion 
to  the  left,  and  the  Frauenhofer  line  D  (in  the  liright  yellow  portion  of 
the  spectrum)  is  situated  on  the  T'Oth  division  of  the  scale. '^  If  the 
light  emitted  by  an  incandescent  solid — for  example,  the  Drummond 
light^be  passed  through  the  spectroscope,  then  all  the  colours  of  the- 
Bolar  spectrum  are  seen,  but  not  the  Frauenhofer  lines.  Let  us  now 
consider  what  will  happen  if  the  light  from  a  fiame  coloured  by  various 
salts  be  passed  through  the  spectroscope.  This  is  done  by  placing  a 
Bunsen  gas  burner  (or  the  pale  flaine  of  hydrogen  gas  issuing  from  a 
platinum  orifice)  giving  so  pale  a  flame  that  its  spectrum  will  be  invisible 
before  the  slit.     If  any  compound  of  sodium  be  placed  in  the  flame  of 

**  Tlio  Bn-uigement  of  all  the  purtH  of  the  apiHiTatas  so  u  to  give  the  cleftroHt  poiuiible 
vliijon  (.nd  accancy  of  nbBnratioD  miut  evidently  precede  every  kind  of  BpectroHcopic 
determination.  Details  concerning  the  practical  nue  of  the  siwctroeoope  miut  be  alio 
looked  lor  ia  special  works  on  the  nubjocL  In  thia  treatise  tlie  reader  is  HuppoMid  bi. 
have  a  certain  knairhtdge  of  the  physical  data  reipecting  the  refraction  of  light,  and  its 
diepergion  and  diffraction,  and  the  theory  of  light,  which  bIIdwh  of  the  determination 
of  the  length  of  the  waves  ol  light  in  abaolate  meaanres  on  the  baeis  of  ahaarrations 
with  diffraction  gratings,  the  distance  between  whose  divisions  may  be  muily  meaauied 
in  fractions  of  a  millimetre  :  by  snob  means  it  is  possible  to  determine  the  wave  leiij^hs 
of  definite  rays  of  light. 

■>  In  order  to  give  aa  idea  of  the  several  siiee  of  the  scale,  we  may  observe  that  tile 
common  spectrum  extaads  from  the  zero  of  the  scale  (where  the  red  portion  is  silnateiU 
to  the  ITOLh  division  (where  the  end  of  the  visible  violet  portion  of  the  apectmin  in 
(itnated),  and  that  the  Fnuenhater  line  A  (thaextieme  prominent  line  in  the  red)  eor- 
responda  with  the  ITth  division  of  the  scale;  the Franenhafer line  F  (at  the  begiiuung  ot 
the  blue,  near  (bo  green  colour)  is  sitoated  on  the  QOth  division,  and  the  line  G,  which  is 
dearly  seen  in  the  beginning  o!  the  violet  portion  ot  the  spectrum.  corresjiondH  with  the 
H7th  division  of  the  scale. 
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,  the  gas  burner  (for  which  purpose  a  platinum  wire  on  whose  end  sodium 
chloride  is  fused  is  tixed  to  the  stand),  then  the  flame  is  dyed  a  yellow 
colour,  and  on  looking  through  the  spectroscope  the  observer  will  see  a 
bright  yellow  line  falling  upon  the  50th  division  of  the  scale,  which  is 
seen  together  with  the  spectrum  in  the  telescope.  No  yellow  lines 
of  other  refractive  index,  nor  any  rays  of  any  other  colour,  will  be 
seen,  and,  therefore,  the  spectrum  corresponding  with  sodium  com- 
pounds consists  of  yellow  rays  of  that  index  of  refraction  which  belong 
to  the  Frauenhofer  (black)  line  D  of  the  solar  spectrum.  If  a  potassium 
.salt  be  introduced  into  the  flame  instead  of  a  sodium  salt,  then  two 
bands  will  be  seen  which  are  much  feebler  than  the  bright  sodium  band 
— namely,  one  red  line  near  the  Frauenhofer  line  A  and  another  violet 
line.  Besides  which,  a  pale,  almost  continuous,  spectrum  will  be 
observed  in  the  central  portions  of  the  scale.  If  a  mixture  of  sodium 
And  potassium  salts  be  now  introduced  into  the  flame,  three  lines  will 
be  simultaneously  seen — namely,  the  red  and  pale  violet  lines  of 
potassium  and  the  yellow  line  of  sodium.  In  this  manner  it  is  possible, 
by  the  aid  of  the  spectroscope,  to  determine  the  relation  between  the 
spectra  of  metals  and  known  portions  of  the  solar  spectrum.  The  con- 
tinuity of  the  latter  is  interrupted  by  dark  lines  (that  is,  by  an  absence 
of  light  of  a  definite  index  of  refraction),  termed  the  Frauenhofer  lines 
of  the  solar  spectrum.  It  has  been  shown  by  careful  observations  (by 
Frauenhofer,  Brewster,  Foucault,  Angstrom,  Kirchhoff,  Comu,  Lockyer, 
Dewar,  and  others),  that  there  exists  an  exact  cbyreement  between  tlie 
spectra  of  certain  metals  and  certain  of  the  FrauenJio/er  lines.  Thus  the 
bright  yellow  sodium  line  exactly  corresponds  with  the  dark  Frauen- 
hofer line  D  of  the  solar  spectrum.  A  similar  agreement  is  observed 
in  the  case  of  many  other  metals.  This  is  not  an  approximate  or  chance 
correlation.  In  fact,  if  a  spectroscope  having  a  large  number  of  re- 
fracting prisms  and  a  high  magnifying  power  be  used,  then  it  is  seen 
that  the  dark  line  D  of  the  solar  spectrum  consists  of  an  entire  system  of 
closely  adjacent  but  definitely  situated  fine  and  wide  (sharp,  distinct) 
dark  lines, '^^  and  an  exactly  similar  group  of  bright  lines  is  obtained 
when  the  yellow  sodium  line  is  examined  through  the  same  apparatus, 
so  that  each  bright  sodium  line  exactly  corresponds  with  a  dark  line  in 
the  solar  spectrum.  In  the  common  spectroscopes  which  are  usually 
employed  in  chemical  research,  one  yellow  band,  which  does  not  split 

^  The  two  most  distinct  lines  of  D,  or  of  sodium,  have  wave  lengths  of  589*5  and  588-0 
millionths  of  a  millimeter,  besides  which  fainter  and  fainter  lines  are  seen  whose  wave 
lengths  in  millionth  parts  of  a  millimeter  are  588-7  and  588-1,  616-0  and  615-4,  515-5  and 
515-2,  498*3  and  498"2,  &c.,  according  to  Liveingand  Dewar.  Many  strive  to  find  a  simple 
relation,  subject  to  a  law,  in  the  wave  lengths,  both  of  these  pairs  of  lines  and  those 
of  other  elements. 
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up  into  thinner  linns,  is  seen  instead  of  the  system  of  sodium  lines,  owing 
to  the  small  dispersive  power  of  the  prism  and  the  considerable  aper- 
ture of  the  slit  (if  the  object  tube. 

This  conformity  of  the  bright  lines  formed  by  sodium  with  the 
■dark  Unea  of  the  solar  spectrum  cannot  1)6  accidental.  Thia  coQclusion 
ia  further  confirmed  by  tlie  fact  that  the  bright  lines  of  other  metals 
correspond  with  dark  lines  of  the  solar  -ipectrum.  Thus,  for  example, 
■a  aeries  of  sparks  passing  between  the  iron  electrodes  of  a  Ruhmkorff 
■coil  gives  450  very  distinct  lines  characterising  this  metal.  All  these 
450  bright  lines,  or  the  whole  apectnim  corresponding  with  iron,  ia  re- 
peated, as  Kirchhoff  showed,  in  the  solar  spectrum  as  dark  Frauenhofer 
lines  which  occur  in  exactly  the  same  situations  as  the  bright  lines 
occur  in  the  iron  spectrum,  just  as  the  sodium  lines  cori'espond  with 
the  band  D  in  the  solar  spectrum.  Many  observers  have  in  this 
manner  simultaneously  studied  the  solar  spectrum  and  the  spectra  of 
different  metals,  and  discovered  in  the  former  lines  which  correspond 
not  only  with  sodium  and  iron,  but  also  with  many  other  metals,"  The 
spectra  of  such  elements  as  hydrogen,  oxygen,  nitrogen,  and  other 
gases  may  be  observed  in  the  so-called  Geissler's  tubes — that  is,  in 
glass  tubes  filled  with  rarefied  gases,  through  which  the  discharge  of  a 
BuhmkorlTa  coil  is  passed.     Thus  hydrogen  gives  a  spectrum  composed 

"  The  moat  accurate  inTeBligHtiona  nmde  in  this  reBpevl  uo  vMritKl  on  with  spectn 
obtuned  by  difiiKClion.  becaaae  in  tbia  caw  the  poution  of  the  duk  und  bright  linen  doei 
not  depeod  on  the  index  alrefnwtion  of  the  niii.Uiri&l  of  the  pcion.  DOi  on  the  diapenive 
power  of  the  apparatna.  The  bent— that  i«,  the  moat  general  and  accurate— melbod  ol 
eipreuiog  the  reanltB  of  euck  determinatiouB  conaiBts  in  determining  the  lengUia  of  the 
HAVes  curroBpoadiug  to  the  raya  of  a  definite  inden  of  refraction.  We  will  eipresa  this 
uaue  length  in  millionth  parli  of  a.  taiXlimelre  (the  ten  millionth  purta  Are  alreftdj 
doubtful,  und  fall  within  the  limita  of  enor).  In  older  to  illuatrate  the  raUtion  between 
the  wave  lengtha  and  the  poaitiona  of  the  apeotrum,  we  will  cite  tlie  wave  lengtba  cor- 
reaponding  with  the  chief  Frauenhofer  lines  and  colours  of  the  Bpeclrnoi. 
Franenhofer  line  ABCD  EbFGH 

Wave  length        .      TRl'O  KST'B  BSH'S   GM9-S-G88'0  S3T'S     6187      «Br.'6     4ai'0       0073 
Colour         .         .  red  orange       jrellow   green  blue  violet 

In  tbe  following  table  are  giTen  the  wave  length*  of  the  light  rays  {the  lengeat  and 
moat  diHtinot,  ice  later)  for  certain  elemental,  thoae  in  black  type  being  the  nuut  olearly 
defined  and  diatinol  linea,  which  are  easily  obtained  either  in  the  fianie  of  a  BuiiBea'a 
burner,  or  in  Qeiaalei'ii  tnbea,  or  in  general,  by  an  electric  diacbaige.  The»e  linea  refer 
to  the  elemente  (the  Knee  nf  rompnonda  are  different,  aa  will  be  afterwardii  explained, 
hut  many  uampoundii  ace  decompoaed  by  the  flame  or  by  an  electric  discharge),  and 
farthermore  to  the  elements  in  an  inEandescent  and  rarefied  goseouB  atate,  foe 
the    spectra    BOmetiruea   vary   considerably    with    a    mriatiou    ol    temperature    and 

It  may  be  aaid  that  the  red  onlour  coTreaponda  with  linea  having  h  wave  length  of 
from,TBO  (with  a  greater  wave  length  the  lines  are  hardly  viaible,  and  are  ultra  red)  to  tIGO, 
the  OTimge  from  HSO  to  SDO,  the  yallow  from  GM  to  SW,  the  gnen  from  SSO  to  WO,  tbs 
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of  three  lines— a  red  line  convaponding  with  tlie  Fnncoboler  line- 
C,  ft  green  line  corresi^mding  with  the  line  F,  and  k  nolet  line  com- 


JS_. 


s 

J    ill    II       Sir      _  ^ 

e 

iilSiES     ■ 

e  1 

I'liSSiiS'iSS'Sii 

i\' 

ijijj     iin  ;    is 

S       1 

SSiM    .^   ii     i 

JMiSiils    M  . 

IS. 7      SSSS'    '      i 

S 

S       1 

«:=si'ii  n-i'%- 
i=si  J=i   If  isa  ii 

s 

3 

:i5iis,i§i  =  ,;     =r   1 
55  sS    '1   jiM     S 

S      1 
a     1 

E    ' 

£    1    1 

1 11 1 1 : 1 1    1 ' 1^  i'  ' 

811   5     's  1    I'Ji  ' 
iTm  ja:!"'      iTi    1  ■ 

IS  ii     "'-i'    '    " 

£ 

'''isSS 'i' 

-■  1  ' 

i|=|S5iir5[isi.i 

*■  1  1 

l|l  '  llSSSSSiji  "' 

d  1 

1 1 1  issilii 1 igiii  M 

'SiiS^iSSi'" 

,iliii5=ssi8;MiLii, 

blMt  from  4M  to  UOt  ud  tbc  n'oM 
bom  490  to  SaO  milliaatli  put«  of 
B  imlliiiietre.  BerondSSOtlieliDHur 
fc.-»fi.-[i    i;-.,i.ie.  mod  beloof  to  tk 

In  ihif  table,  which  ii 
anlaniiity  to  tlw  ina^  d 
u  lli,-^  ire  awn  I  li>p  rY>l  lin«  it,  i1m 

ltd  ],,;..!.. ,.  i  ■!,.  1.  ,  ■.  ,.■,  :|.,- right 
hand  ftidei,  th«  fi^^aret  in  blihck  Ivpe 
correHpond  vitb  iiaet  which  ktc  » 

liivi  I  .     mule  aw  of .  b-lb 

in-l ■       reUtion  belwwn 

Ih-  Hi  .,  •    .     «rsJe   tad  tlw 

withiuiothci.  TliBbruketijointhoM 
lines  bvtwWD  which  wTenl  other 
linen  mre  cleul;  ritible  it  the  Aitpa- 
lave  power  iif  the  Bpectroocope  p«- 
niitH  ilistingniAliIiig  the  neighbouring 
lineL  In  the  onlinuj  UbotBlocr 
■pectriMcopea  wilh  one  iimm,  »<ntk 
with  klljuiwibleiirtMi'i-'iuii  ,yt  tmngt- 
meiit  and  with  a  brillianey  ot  liichi 
permittint;    the  bting 

made  with  n  w         . 


iho  Ii 


only 


differ  by  9-Sm 

liinelrt.  are  blamnl  together ;    and 

difleriiifc  by  even  a«  mucli  ait  90- 
milliontliB  ot  a  millinietrv  appear  al 

one  wide  line.  WitL  i  la.ml  ligbk 
rilml  im  with  u  smul)  <]n*ntily  rf 
li{!ht  entering  into  the  spectn>scope| 
only  tlie    mcHit    bnllia\ 


iHible.     The    Itngih    , 


ibr 


with  tlieir  brillianc;.    According  to- 

lAX'kyer  ibit  lengUi  in  determined 
by  placing  tlie  carbon  «lectnidea 
0>etween  whii'ji  the  ineandeacsot 
vapoumotthomeUlsBre  formed),  not 
horiiontally  to  111-  ilit  (aa  they  an- 
Bsnemllj  plMf.l 


ully 


Then 


linen  appear  long  and  others  elinit. 
Aa  a  rnle  ILockyer,  Dewar,  Cumn),. 
the  longest  linen  are  thoae  with  which 
it    ia    eaaiCBt    to     obtain    retwrawf 


POT.ASSIUSI,   KUBIDIUM,   CAESIUM.    AND   LITHIUM  557 

sponding  with  one  of  the  lines  between  G  and  H.  Of  these  rays  the  red 
ia  the  brightest,  and  therefore  the  general  colour  uf  luminoua  hydrogen 
(with  an  eWtric  discharge  through  a.  Geissler  tube)  is  reddish. 

The  correlation  of  the  Frauenhofer  lines  with  the  spectra  of  metals 
depends  on  the  phenomenon  of  the  so-called  rnv^rned  itjief.trum.  This 
phenomenon  consists  in  that  instead  of  the  bright  spectrum  correepoud- 
iiig  with  a.  metal,  under  certain  circumstances  a  sirnilar  dark  spectrum 
iu  the  form  of  Frauenhofer  lines  may  be  obtained,  as  will  be  directly 
explained.  In  order  to  clearly  understand  the  phenomenon  of  reversed 
spectra,  it  must  lie  known  tliat  in  the  passage  of  light  through  certain 
transparent  substances  these  substances  retain  rays  of  a  certain  re- 
frangihility.  The  colour  of  solutions  is  a  proof  of  this.  Light  which 
has  passed  through  a  yellow  solution  of  a  uranium  salt  contains  no 
violet  rays,  and  after  having  passed  through  a  red  solution  of  a  per- 
manganate, does  not  contain  many  rays  in  the  yellow,  blue,  and  green 
portions  of  the  spectrum.  Solutions  of  copper  salts  absorb  nearly  all 
red  rays.  .Sometimes  colourless  solutions  also  absorb  rays  of  certain 
definite  refractive  indexes,  and  give  niigarpliun  spectra.  Thus  solu- 
tions of  salts  of  didymium  absorb  rays  of  a  certain  refrangibility,  and 
therefore  an  impression  of  black  lines  is  received,**  as  shown  in  fig. 

■pact™  (sea  !«ter|.  ConBeqnontly,  Uiese  liuea  aiB  the  moyt  tluuneleriBtic.  Only  tha 
longest  uid  moat  brilli»nt  ure  given  in  onr  table,  which  is  coinpmeil  iin  the  buBis  til  ■ 
onllectionof  the  data  at  oar  disposal  for  britfht  spectra  of  the  incandesreiit  nntl  rargji^ 
vapoiiTi  of  tha  eUmenii,  As  (he  spectra  change  with  great  Tariatioos  of  tompemture 
and  iMipotu' density  (the  faint  Unet  become  brilliant  whilst  the  bright  lines  sometimea 
-disappear),  which  is  particaUrly  clear  from  Ciatnician's  researches  on  the  halogens,  there- 
fore, until  the  method  of  observation  and  the  theory  of  the  enbjeot  are  enlarged,  par- 
tioular  theoretical  importance  sboiild  not  be  giien  to  the  wave  lengths  showing  the 
maximum  brilliancy,  and  which  only  possese  any  significance  in  a  practical  respect  for 
the  common  methods  of  epectroqcopic  observations. 

"  TheocDlar  impressions  of  light  lit  is  essentially  the  tame  with  all  other  impreHsions 
TecGired  by  the  seases)  are  all  relative ;  in  those  portions  of  a  spectram,  received  through 
an  absorptive  mediuin,  where  there  appears  to  be  an  absence  at  light,  it  may  be  only 
rendered  fainter,  and  for  abaorption  spei'tra  this  is  directly  prored  to  be  the  oase  both 
lay  etperiment  (b?  employing  aolutionii  of  different  streiifrtlu  ">  strata  of  diflerent  thick- 
neawia),  and  by  direct  meaanrement  by  tlie  aid  of  the  spectrowuiw — for  iuatanee,  by 
Vierordt's  apparatus,  which  is  described  in  works  on  physics.  The  relative  distinctness 
of  the  dark  lines  in  an  absorption  spectrum,  and  of  the  bright  colourKl  lines  in  louijiDUa 
spectra  of  vapours  and  gases,  which  are  selt-evideut  in  making  ohMrcvations,  offer  great 
difScalty  with  regard  to  precise  measnrement,  just  •■  is  the  oue,  for  instance,  with  the 
relative  brilliancy  of  the  stars. 

The  method  of  observing  absorption  apaetra  oonsists  in  taking  a  conlinnoDs  spectrum 
^one  wbiob  does  not  give  either  dark  lines  or  patticniarly  bright  laminous  bands  in  the 
•psctmm)  of  white  light — lor  instance,  the  light  of  a  candle,  lamp,  or  oilier  wmioe.  The 
collimator  (that  is,  (he  tnbe  with  tlie  slit)  is  directed  toward*  tliis  light,  and  then  all 
(ho  eolonr*  of  (he  spectrum  are  visible  in  the  ocular  tnbe.  A  (raii8)iBren(  absorptire 
mediuni — lor  inatiuice,  a  ulution  or  tube  containing  a  gia — is  then  pluoeil  between  llui 
wiurce  nf  light  and  tlie  ap[ianitiw  lor  anywhere  inside  the  apparalns  ilscit  In  the  jiath  of 
(he  rays).     In  liiit  case  uitlwr  the  entire  qiootmiD  is  anifonnly  fainter,  or  abaorpLinn 
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73.  Many  vapours  (iodine)  and  gases  (nitric  peroxide)  give  similtu- 
epectra.  Light  'which  has  passed  through  a  deep  layer  of  oqaeons 
vapour,  oxygen,  or  nitrogen  also  gives  its  alisorptinn  speotmro.  For 
this  reason  the  peculiar  (winter)  dai'k  lines  discovered  by  Brewster  are 


C 
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sunlight,  especially  in  the  evening  and  morning,  when  the- 
snn'a  rays  pass  through  the  atmosphere  (containing  these  substances) 
by  a  longer  path  than  at  mid-day.     It  i.s  eWdeiit  that  the  Frauenbofer 

bands  appenr  on  tbe  briglit  field  of  tbe  coiitinuoDB  agiectram  m  deflnito  poBitioua  tloag 
it.  Theae  boncis  hava  diSerent  lengths  uid  iiositiuDB,  uid  dislinctiieu  ajid  iuteiuitf 
of  abBorption,  according  to  the  pTopertien  of  tbe  absorptive  medium.  Like  tbe  Inuiiaoiu 
■pectrii  gir^n  bj  incnndsHceDt  giknea  and  vapaun,  tbe  abHorptiou  spectra  of  a  nanilMr 
of  sabntancee  have  alread)-  been  studied,  and  uinie  witb  great  precision — an.  far  example. 
the  K[i.-glrmTi  of  lUe  brown  va\yMiri  of  nitrogen  dioiide  by  HiiaBelberg  (at  PuUtowa),  of 


Flu,  Tl^'AbaoiptloD  flpectra  of  DltroK^D  lUoiJdc  gzidi 

the  spectrn  nF  colouring  tnatteru  (Eder  and  othens),  and  eapeciall]-  those  applied  to  ortbo- 
chromutic  ptiotogniphj,  or  tbs  uiiectra  of  blood,  chlorophyll  (the  greeo  constitoent  ol 
leavea),  and  other  Birailac  substances,  all  the  more  as  by  the  aid  ol  tbsir  spectra  Uui 
preeenoe  of  these  substances  nmy  be  discovered  in  sinoll  quantities  (even  in  luicroaoopioaJ' 
quantities,  b;  the  aid  of  special  appbances  or  tlie  microscope),  and  tbe  cbaDges  thejr 
undergo  investigated. 

The  absorption  spectra,  obtained  at  the  ordinary  temperature  and  proper  to  subatuioca 
in  bU  physical  statea,  offer  a.  most  vagi  but  as  yot  little  studied  field,  both  tor  tbe  theoTf- 
of  all  EpectroKopy,  and  for  gaining  an  insight  into  the  structure  of  gabstanees.  The 
inveatigation  of  colouring  matters  has  already  shown  that  in  curtain  cases  a  deftnitc 
change  of  composition  and  structure  eutaila  not  only  a  definite  change  ol  the  coloim  but 
alao  a  displacenienl  of  the  absorption  bands  by  definite  wave  lengths,  This  mbjeet^ 
which  has  only  begnu  to  be  worked  out,  promises  great  scientific  froitioni 


POTASSIUM,   nUBlDIUM,   CAESIUM,  AND   LITHIUM 


559 


lines  may  be  ascribed  to  the  absorptinn  of  certain  rays  of  light  in  its 
passage  from  the  luniinous  mass  of  the  sun  to  the  earth.  The  remark- 
able progress  made  in  all  spectroscopic  research  dates  from  the  in- 
reMignlionn  -mndr  by  KircMioff"  (lBb9)  on  the  relation  between  absorption 
spectra  and  the  spectra  of  luminous  incandescent  gases.  It  had  already 
been  long  since  observed  (\ij  Frauenhofer,  Foucault,  Angstrom)  that 
the  bright  spectrum  of  the  sodium  flame  gives  exactly  the  same  two 
bright  lines  which  are  known  as  the  line  J>  in  the  solar  spectrum,  and 
expressed  by  black  lines  which  evidently  belong  to  on  absorption  spec- 
trum. When  Kirchhoff  caused  moderated  sunlight  to  fall  upon  tJie  slit 
of  a  spectroscope,  and  placed  a  sodium  flame  before  it,  a  perfect  super- 
position was  observed — the  bright  sodium  lines  completely  covered 
the  black  hnes  D  of  the  solar  spectrum.  When  later  the  continuous 
spectrum  of  a  Drummond  light  appeared  with  the  black  line  D  on  placing 
a  sodium  flame  between  it  and  the  slit  of  the  spectroscope — that  is,  when 
the  Frauenhofer  line  of  the  solar  spectrum  was  artificially  produced — 
then  there  was  no  doubt  that  it  was  seen  in  the  solar  spectrum  because 
the  light  somewhere  travelled  through  incandescent  vapours  of  sodium, 
Hence  a  new  theory  of  reverned  spectra^  arose^that  is,  respecting  the 
relation  between  the  waves  of  light  emitted  and  alisorbed  by  a  substance 
under  given  conditions  of  temperature,  which  is  expressed  by  Kirchhoffs 
law  discovered  by  &  careful  analysis  of  the  relations  between  the  lumi- 
nous rays  absorbed  and  emitted  by  a  substance.  This  law  of  the  theory 
of  light  may  be  formidated  in  an  elementary  form  in  the  following 
manner ;  At  a  given  tempei-ature  the  relation  between  the  intensity 
of  the  light  emitted  (of  a  definite  wave  length)  and  the  absorptive 
capacity  with  respect  to  the  same  colour  (of  the  same  wave  length)  is 
a,  constant  quantity.^"     As  a  black  dull  surface  emits  a  considerable 

"  A  nnmher  o[  metboilB  httye  been  invented  to  demoiMtnte  the  Mversibility  of 
Kpectra :  ftmoni;  these  methodii  we  mill  cite  two  which  are  mott  uaaily  canied  oat.  In 
Bnnsen's  method  Hodium  chloride  is  pnt  into  &□  ippKratnB  for  eTohdng  hydrogen  (tha 
Bprsy  nf  the  salt  ii  then  curied  off  by  the  hydrogen  and  cotonn  the  Buno  with  the  yellow 
sodium  eolonr).  ind  the  hydrogen  is  ignited  in  two  bnrners^in  one  Urge  one  with  awide 
flame  Kiving  n  bright  yellow  lodiiun  light,  uid  in  uiother  with  a,  Bmall  flue  orificu  whoBS 
flame  is  pole :  this  flame  will  throw  ■  datk  pAtob  on  the  Urge  bright  flame.  In  ladoSdty'a 
motliodtho  front  tabe(p,  SS3|  ih  unscrewed  from  a  epsctroscope  directed  towarcts  tbu  light 
□I  a  lamp  (a  continuous  Bpcotmm),'and  the  flame  ol  a  spirit  lamp  calonred  by  a  small 
qoantity  of  NaCI  is  placed  between  the  tube  and  the  prism  ;  a  black  band  corresponding 
to  sodiom  will  (hen  be  seen  on  looking  through  the  ocuUr  tube.  This  experiment  is 
always  luccosslnl  if  there  be  only  the  requisite  relation  between  the  strength  of  the  light 
of  both  lajnps. 

K  The  absorptive  enpacity  is  the  reUtion  between  the  intensity  of  the  light  (of  a 
giyen  ware  length!  tailing  Dpon  BJid  retained  by  a  xnbstaDee,     Bunsen 
showed  by  direct  eiperiment  that  this  rwtio  in  n  constant  qusntity  lor  every  labstance. 
If  A  ntand  for  this  ratio  tor  a  given  sabstance  at  a  given  temperatare — lor  instance,  foe 
a,  flame  coloured  by  sodinni — and  H  be  the  intensity  of  the  light  of  the  same  wave  length 
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quantity  of  heat  rays  and  also  absorbs  a  considerable  quantity, 
whilst  a  polished  metallic  surface  both  absorbs  but  few  and  emits  bat 
few,  so  a  flame  coloured. by  sodium  emits  a  considerable  quantity 
of  yellow  rays  of  a  definite  refrangibility,  and  has  the  property  of 
retaining  a  considerable  quantity  of  the  rays  of  the  same  refractive 
index.  In  general,  the  sphere  which  evolves  definite  rays  also  retains 
them. 

Thus  the  bright  spectral  rays  characteristic  of  a  given  metal  may 
be  reversed  —that  is,  converted  into  dark  lines — by  passing  light  which 
i^ives  a  continuous  spectrum  through  a  space  containing  the  heated  vapours 
of  the  given  metal.  A  similar  phenomenon  to  that  thus  artificially  pro- 
duced may  be  observed  naturally  in  sunlight,  which  shows  dark  lines 
characteristic  of  known  metals — that  is,  the  Frauenhofer  lines  form  an 
absorption  spectrum  or  depend  on  a  reversed  spectrum  ;  it  being  pre- 
supposed that  the  sun  itself,  like  all  known  sources  of  artificial  light, 
gives  a  continuous  spectrum  without  Frauenhofer  lines. ^*  We  must 
imagine  that  the  sun,  owing  to  the  high  temperature  which  is  proper  to  it, 
emits  a  brilliant  light  which  gives  a  continuous  spectrum,  and  that  this 
light,  before  reaching  our  eyes,  passes  through  a  space  full  of  the  vapours 
of  difierent  metals  and  their  compounds.  As  the  earth's  atmosphere^' 
contains  no,  or  very  little,  metallic  vapours,  and  as  they  cannot  be  sup- 
posed to  exist  in  the  heavenly  space,  therefore  the  only  place  in  which 
the  existence  of  such  vapours  can  be  admitted  is  in  the  cUmoapkere 
^nrronndhuj  the  sun  itself.  As  the  cause  of  the  sun^s  luminosity  must 
be  looked  for  in  its  high  temperature,  therefore  the  existence  of  an 
atmosphere  containing  metallic  vapours  is  readily  understood,  because 
at  its  high  temperature  such  metals  as  sodium,  and  even  iron,  are  sepa- 
rated from  their  compounds  and  converted  into  vapour.  The  sun  must 
be  imagined  as  surrounded  by  an  atmosphere  of  incandescent  vaporous 

euiitted  at  the  same  temperature  by  the  8ame  substance,  then  KirchhofTs  law,  the  ex- 
planation and  deduction  of  which  must  be  looked  for  in  text  books  of  physics*,  states  that 
the  fnvction  A  E  is  a  constant  quantity  depending  on  the  nature  of  a  substance  (as  A 
depends  on  it)  and  detemiined  by  the  temperature  and  wave  length. 

^»  Heated  metals  begin  to  emit  light  (only  visible  in  the  dark)  at  about  -120'  (vary- 
ing with  the  metal).  On  further  heating  solids  first  emit  red,  then  yellow,  and  lastly 
white  light.  Compressed  or  heavy  gases  (see  Chap.  III.  Note  44),  when  strongly  heated, 
also  emit  white  light.  Heated  liquids  (for  example,  molten  steel  or  platinum)  also 
give  a  whitij  compound  light.  Tliis  is  readily  understood.  In  a  dense  mass  of  matter 
the  collisions  of  the  molecules  and  atoms  are  so  frequent  that  waves  of  onlv  a  few 
definite*  lengths  cannot  upi>ear ;  the  reverse  is  possible  in  rarefied  gases  or  vapours. 

^'■^  Brewst«?r,  as  is  mentioned  above,  first  distinguished  the  atmospheric,  cosmical 
Fniui-nhofer  lines  from  the  solar  lines.  Junsscn  showed  that  the  spectrum  of  the  atm<v 
sphere  contains  lines  which  depend  on  the  absor^ition  produced  by  aqueous  vapour. 
EgoretT,  Olszi-wski,  Janssen,  and  Liveing  and  Dewar  showed  by  a  series  of  experiments 
that  the  oxygen  of  the  atmosphere  determines  certain  lines  of  the  solar  spectrum, 
especially  the  line  A. 
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and  gaseous  matter,^'  including  those  elements  whose  reversed  speotra 
correspond  with  the  Frauenhofer  lines — namely,  andium,  iron,  hydrogen, 
lithium,  calciom,  magnesium,  ikc.  Thus  in  spectrum  analysis  we  find 
a  means  of  determining  the  composition  of  the  inaccessible  heavenly 
luminaries,  and  muoh  has  been  done  in  this  respect  since  KirohhoiTs 
theory  was  formulated.  By  observations  on  the  spectra  of  many 
heavenly  bodies,  changes  have  been  discovered  going  on  in  them,'*  and 
certain  of  the  elements  known  tn  us  have  been  found  with  certainty  in 
them.'''  From  this  it  must  be  concluded  that  the  same  elements  which 
exist  on  the  earth  occur  throughout  the  whole  universe,  and  that  at 

"  Eruptions,  like  our  volcanic  eruptiona,  but  on  ftii  incompnrahly  lojger  uaaie,  «ni  u 
(reqoent  otM^rrancB  on  the  »on.  They  are  aeen  as  protuberiuiceB  visible  during  a  totiU 
eclipse  of  tlie  »nn,  in  the  form  ol  T»poroua  muiaes  on  the  eige  of  tliB  iioUr  disc  aud 
emitting  u  luint  light.  Tbew  protuberaiiecK  of  the  sun  ore  now  obscTved  a.1  uU  times  by 
meuis  of  the  spectroHCope  (Lookyor's  metbod),  becanea  they  contMn  luminouii  VJipouia 
(giving  bright  lines)  of  hydrogen  and  other  plementn. 

»  The  great  inleieat  uid  lutness  of  aatra-phyaical  observatioDs  concerning  the  ann, 
cometn,  atara,  nebnUe,  *c,,  render  thin  new  province  of  natar&l  Bcience  very  important, 
and  neceniiilate  referring  the  reader  to  special  workt  on  the  Bubiect.  I  cannot,  how- 
ever, hnt  cftution  the  reader  against  those  premature  conclnsionB  which  many  form  on  a 
first  aoqnointance  with  Uie  subject.  Just  aa  the  Mtromomer  inay  easily  arrive  at  an 
arbitrary  aonclusion  about  the  compoeitian  ol  elements,  from  obiervations  upoa  the 
apectra  of  the  heavenly  bodies,  bo  the  chemiBt  may  easily  tall  into  error  as  to  the  nature 
ot  the  phenomena  o(  the  heavens  ly  only  jndging  from  spectcoscopic  observations. 

The  most  important  astro-physical  data  siooe  the  time  ol  Kellner  ore  thoae  referring 
to  the  duplaeemeiit  ol  the  lines  □!  the  spectrum.  Just  as  a  mnsical  note  changes  iti 
pitch  with  the  approach  or  withdrawal  of  the  resonant  object  or  the  ear,  so  the  pilch  of 
the  luminous  note  or  wave  length  ol  the  light  varies  il  the  luminous  vapour  and  the 
earth  from  which  wa  observe  it  approach  or  recede  from  each  otlier:  this  eipreoses 
itself  in  a  visible  displacement  ot  the  Ipcctrnl  line*.  The  solar  erruptions  even  give 
broken  lines  in  the  speatrum.brcatise  the  rapidly  moving  eruptive  masses  ol  vapour  and 
ganes  either  travel  in  the  direction  ol  the  eye  or  fall  back  towards  the  auu.  As  the 
earth  travels  with  the  solar  syatem  among  the  stars,  so  it  in  possible  to  determine  the 
direction  and  velocity  with  which  the  enn  travels  in  apace  by  the  displacement  of  tbs 
spectral  lines  and  light  of  the  stars. 

The  changes  proceeding  on  the  sun  in  its  mass,  wliich  must  be  pronounced  aa 
yaporoas.  and  in  its  atmosphere,  sie  now  studied  b;  means  of  the  spoctroecope.  For 
this  purpose,  there  now  exist  many  special  astro-physical  observatories  where  these 
investigations  are  carried  on. 

"  Spectrum  analysis  baa  proved  the  indubitable  existence  in  the  sun  and  stars  at 
a  number  ol  elements  known  in  chemistry.  HuggiUH,  SeoJu,  and  others  have  fnmislied 
a  large  amount  of  material  upon  this  sabject.  A  compilation  ol  existing  information 
on  this  subject  lias  been  given  by  Prol.  S.  A.  Eleiber,  in  Uie  Journal  ol  the  Russian 
Physico-chemical  Society  for  1865  (vol.  iviii.  p.  146),  Besidea  which,  a  pecolior  element 
called  heliam  has  been  discovered,  which  is  charactedsed  by  a  line  (whose  wava  length 
ia  GBT'5,  aitnated  near  D),  which  is  seen  very  brightly  in  the  projections  (piotubeiauuea) 
and  spots  of  Uie  hod,  but  which  does  not  belong  to  any  known  element  and  is  not  repro- 
ducible as  a  reversed,  dark  line.  This  may  be  a  right  concluaion — that  is  to  >ay,  it  is  pos- 
sible that  an  element  may  be  discovered  to  which  the  speclnunof  helium  c 
but  it  may  be  that  the  helium  line  belongs  to  one  ot  the  known  elenu 
spectra  vary  in  the  brilliancy  and  position  of  their  lines  with  changes  ol  temperatoro 
and  pressure.     Thus,  lor  instance,  Lochyer  oodtd  only  see  the  line  US,  at  the  very  e 
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that  degree  of  heat  which  is  proper  to  the  sun  those  simple  matteis 
which  we  accept  as  the  elements  in  chemistry  are  still  undecomposed 

of  the  calcium  h[>ectrum,  at  comparativelj  low  temperatures,  whiUt  the  liue«  897  and 
393  appeair  at  ti  higher  temperature,  and  at  a  still  higher  temperature  the  line  42$ 
becomes  quite  invisible. 

Lockyer,  to  whom  spectroscopy  is  indebted  for  many  excellent  spectroscopic  obsen'a- 
tions,  8upix)ses  that  the  elements  existing  on  the  earth  are  decomposed  at  the  tempera- 
ture of  the  Bun — for  instance,  that  iron  decomposes  into  two  new  elements  having  par- 
ticular Hpectra,  because  an  unequal  intensity  of  all  the  hues  of  iron  is  observed  in  dif- 
ferent portion*^  of  the  nun  (spots,  prominences,  <Src.),  and  because  a  displacement  (Note 
34)  of  certain  of  the  lines  of  this  metal  may  be  observed  in  the  sun's  spots  at  the  same 
time  that  other  lines  remain  undisplaced.     Lockyer  supposes  this  to  depend  on  the 
movement  of  one  component  part  of  iron  with  an  immobility  of  the  position  (in  space)  of 
the  other  product  of  the  decomposition  of  iron  which  remains  in  a  lower  stratum.    Prof. 
Kleiber  explains  these  phenomena  by  the   fact  that  the  visible  spectrum  of  the  sun  is 
determined  by  the  entire  thickness  of  the  atmosphere  of  the  sun,  by  the  inequality  of  the 
movement  of  different  strata  of  the  sun's  atmosphere,  and  by  tlie  fact  that  hues  of  dif- 
ferent wave  lengths  offer  a  different  constant  with  reference  to  Kirchhoff^s  law.    It  is 
enough  if  the  thickness,  pressure,  and  temperature  of  an  incandescent  vapour  be  dif- 
ferent in  a  laboratory  experiment  and  in  a  given  stratum  of  the  solar  atmosphere  to 
obtain  a  marked  difference  in  the  intensity  of  the  light  of  different  bands  of  the  spectrum 
of  one  and  the  same  element.    As  regards  the  displacement  of  only  one  portion  of  the 
iron  lines,  Kleiber  supplements  Liveing  and  Dewar's  obsen'ation  that  the  displaced  lines 
are  those  emitted  by  the  most  rarefied  vapours  (Note  27),  by  x>ointing  out  that  in  the 
first  place  one  and  the  same  line  is  sometimes  observed  on  tlie  sun  both  in  a  contorted 
(broken )  and  normal  ()osition  (as  Lockj'er  himself  observed),  and  in  the  second  place  that 
the  intensity  of  the  light  of  different  lines  depends  on  the  different  temperatures  and  den- 
sities of  the  strata  of  the  solar  atmosphere,  and  therefore  the  lines  determined  by  the 
upper  strata  may,  by  their  movement,  be  displaced,  whilst  the  other  lines  determined  by 
the  lower  strata  may  reiuain  unchanged.     Besides  which  I  may  obser\-e,  for  my  part, 
that  if,  under  ordinurj-  conditions,  we  see  the  nonual  8i>ectrum  of  iron  in  the  sun,  Lock- 
yer's  sui)i>Oht'd  component  parts  of  iron  must  occur  together  in  the  sun,  and  therefore  it 
is  difficult  to  underbtand  how  one  component  part  of  iron  is  able  to  move  whilst  the 
other  reniuiub  at  rest.     Furthermore,  as  the  solar  spectrum  of  iron  entirely  corresponds 
with  that  obtained  by  experiment  at  the  comparatively  low  temperatures  obtainable  in 
the  laboratory,  it  is  necesstiry  to  admit  one  of  the  two  following  propositions — either 
the  decomiH»sition  of  iron  does  not  require  so  high  a  temperature  as  that  on  the  sun,  and 
then  it  would  be  easy  to  prove  this  supposed  complexity  i»f  iron  by  a  laboratory  experi- 
ment, or  it  must  be  admitted  that  the  two  component  parts  of  iron  when  combined  to- 
gether (fonning  uiidet'ompos>ed  iron)  do  not  alter  the  iK>sitions  of  their  spectral  lines, 
whilst,  as  we  shall  see  later,  the  spectra  of  elements  change  when  they  combine  together, 
and  therefore  that  in  the  case  of  iron  a  proi^osition  nmy.t  be  made  contradictory  to  this 
fact.     Other  data  put  forward  by  Lockyer  in  favour  of  the  decomposability  of  certain 
elements  proved  when  re- investigated  (by  Liveing  and  Dewar),  by  means  of  spectroscopes 
of  high  dispersive  power,  to  be  only  founded  on  the  confusion  of  dissimilar  lines.     The 
arguments  of  Lockyer  concerning  the  decomposability  of  elements,  which  at  one  time 
made  a  great  impression,  do  not  thus  apjiear  to  support  the  doctrine  of  a  single  common 
material  (p.  20,  Note  20),  but  must  be  made  use  of  for  the  further  development  of  spec- 
troscopic science.  Besides  which  I  consider  it  well  to  turn  attention  to  the  facts  (1)  that  the 
conception  of  the  elements  stands  in  all  resjK'cts  more  firmly  than  any  deductions  obtained 
by  the  spectroscope ;  (2)  this  comparatively  young  doctrine  of  the  spectra  of  elements  is 
only  the  fruit  of  the  chemical  doctrine  of  elements;  und  (3)  that  as  yet  no  generalisa- 
tions, besides  Kirchhoff's  law,  have   appeared  for  spectroscopic  phenomena,  wliich  could 
allow  ])redictions  beinjr  made,  whilst  the  conception  of  elements  has  already  arrived  at 
this  stage.    When,  however,  siHJctroscopic  science  has  been  developed  to  the  same  extent 


POTASSIUM.   RUBIDIUM,   CAESIUM,   AND  LITHIUM  563 

and  remain  unchanged.  A  high  temperature  forms  one  of  those  con- 
ditions under  which  compounds  most  easily  decompose  ;  and  therefore 
if  sodium  or  a  similar  element  were  a  compound,  then  in  all  probability 
it  would  be  decomposed  into  component  parts  at  the  high  temper- 
ature of  the  sun.  This  may  already  be  concluded  from  the  fact  that 
in  ordinary  spectroscopic  experiments  the  spectra  obtained  often 
belong  to  the  metals  and  not  to  the  compounds  taken  ;  this  depends 
on  the  decomposition  of  these  compounds  in  the  heat  of  the  flame.  If 
common  salt  be  introduced  into  the  flame  of  a  gas-burner,  a  portion  of 
it  is  decomposed,  first  forming,  in  all  probability,  with  water,  hydro- 
chloric acid  and  sodium  hydroxide,  and  the  latter  is  then  partially 
decomposed  by  the  hydrocarbons,  giving  metallic  sodium,  whose  incan- 
descent vapour  emits  light  of  a  definite  refrongibility.  This  conclusion 
is  arrived  at  from  the  following  experiment : — If  hydrochloric  acid  gas 
be  introduced  into  a  flame  coloured  by  sodium  it  is  observed  that  the 
sodium  spectrum  disappears,  owing  to  the  fact  that  metallic  sodium 
cannot  remain  in  the  flame  in  the  presence  of  an  excess  of  hydrochloric 
acid.  The  same  thing  takes  place  on  the  addition  of  sal-ammoniac, 
which  in  the  heat  of  the  flame  gives  hydrochloric  acid.  If  a  porcelain 
tube  containing  sodium  chloride  (or  sodium  hydroxide  or  carbonate),  and 
closed  at  both  ends  by  glass  plates,  be  so  powerfully  heated  that  the 
salt  volatilises,  then  the  sodium  spectrum  is  not  observable  ;  but  if  the 
salt  be  replaced  by  sodium,  then  both  the  bright  line  and  the  absorp- 
tion spectra  are  obtained,  according  to  whether  the  light  emitted  by  the 
incandescent  vapour  be  observed,  or  only  that  which  passes  through  the 
tube.  Thus  the  above  spectrum  is  not  given  by  sodium  chloride  or 
other  sodium  compound,  but  is  proper  to  the  metal  sodium  itself.  It 
is  the  same  with  other  analogous  metals.  The  chlorides  and  other 
halogen  cmnpoxuvh  of  barium,  calcium,  copper,  <fec.,  give  independent 
spectra  which  difier  from  those  of  the  metals.  If  barium  chloride  be 
introduced  into  a  flame,  it  gives  a  mixed  spectrum  belonging  to  metallic 
Imrium  and  barium  chloride.  If  besides  barium  chloride,  hydrochloric 
acid  or  sal-ammoniac  be  introduced  into  the  flame,  then  the  spectrum 
of  the  metal  disappears,  and  that  of  the  chloride  remaiiLs,  which  differs 
distinctly  from  the  spectrum  of  barium  fluoride,  barium  bromide,  or 
Imrium  iodide.  A  certain  common  resemblance  and  certain  common 
lines  are  observed  in  the  spectra  of  two  different  compounds  of  one  and 
the  same  element  obtained  in  the  above-described  manner,  and  also  in 
the  spectrum  of  the  metal,  but  they  all  have  their  peculiarities.     The 

UK  chemical  leaniiu^,  then,  |>erhapB,  the  present  idean  will  undergo  a  deep  change  and 
approach  perfection.  Ah  yet  sj)ectroHCopic  Kcience  is  «till,  for  want  of  laws,  at  the  epoch 
of  tlie  accumulation  of  facts  and  not  of  their  possesHiou. 
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independent  spectre  of  the  compounds  of  copper  are  easily 
(fig.  7r>).     Thus  certain  coinpoands  which  exist  and  are  laminons 


obeerred   1 
Dons  at  a 


high  temperature  give  their  independent  spectra.  In  the  majority  of 
caaee  the  spectru  of  compounds  are  com  posed  of  indistinct  luminous  Ymt» 
and  complete  bright  bands,  whilst  metallic  elements  generally  give  h 
few  clearly-defined  spectral  lines.**     There  is  no  reason  for  thinlcin^ 

M  Spectrowopic  obBervstiona  lira  itill  farther  pomplicatefl  by  tbe  liwt  thai  one  and 
the  Mine  ■nbatanee  ipve*  diSereot  speolni  ut  different  temperatares.  Thia  is  Bap«ialtf 
the  t«»e  with  gues  wlio«e  spectra  are  obtained  by  ui  electric  discharge  in  tube*. 
FlUcker,  Wlillner,  Scbuater,  and  others  nhowed  tl^at  at  different  tempentnrsB  and  pre*- 
Bores  tbe  spectra  of  iodine,  snlpbur,  nitri^eii,  oxygen,  .tc,  ue  qnite  different  Irom  tbe 
ipectrii  d{  the  wme  elements  at  high  temperiLtures  and  piesBorei.  Thia  ma;  eitbri 
depend  on  the  (net  that  the  alementa  change  their  molecalnr  Btmctara  with  a  chJuige  ot 
temperature,  jnat  as  oione  is  cooTerled  into  aiygen,  or  else  because  at  low  tonperalnn 
certain  rays  have  a  greater  relHtive  iotensity  thii»  those  which  nppeer  at  higher  taa- 
peraturea.  U  ws  suppode  that  the  molecules  o[  a  gns  ore  in  continaol  movemetit,  with  > 
velocity  dependent  on  the  temperature,  then  it  must  be  admitted  that  they  often  strike 
■gainst  each  other  and  rebound,  and  thus  commomcate  pecnliar  movements  to  each 
other  and  the  suppowd  ether,  which  express  themBelves  in  luminiteioas  plienomena.  A 
liae  of  the  temper»tare  or  an  iucreaie  in  the  density  of  a  gas  mast  bnve  on  inflnenoe  on 
(he  coUioion  ot  its  molecoles  and  luminiferons  movements  tliait  produced,  and  this  mi; 
be  the  canse  ot  the  difference  ot  the  spectra  ander  these  circumHtonces.  It  bos  been 
ahown  by  direct  eiperiment  that  gases  cDmpressed  by  pressure,  when  the  collision  of  the 
molecules  must  be  trequont  and  varied,  exhibit  n  mora  complex  spectrum  on  the  passage 
ot  an  electric  spark  than  rarefied  gnsea,  and  that  even  a  continnous  spectrum  apimn. 
In  order  to  hIiow  the  variability  of  the  spectrLun  according  to  tbe  eircumstancee  undsi 
which  it  proceeds,  it  is  enough  to  Bay  that  potoBsium  sulphate  fused  on  a  platjnam  wit* 
gives,  on  Ibo  pasaage  ot  a  serieB  of  spatlis,  a  disUnct  system  ot  lineB,  B8S-678,  whilst 
when  a  series  ot  sparku  is  passed  throogh  a  solntioD  of  this  salt  this  system  of  lines  ii 
faint,  and  when  Roscoe  and  Schastei  observed  the  absorption  Bpeotmm  ol  the  v&pooT  ol 
luelatlictHitaBsinm  (ivhicb  is  green)  the;  remarked  a  nomberot  lines  ot  the  stune  in(«n- 
BitJ  as  the  oboTB  system  in  the  red.  orange,  ond  yellow  portions. 

The  spectra  of  solutiona  ore  beat  observed  by  meona  ot  Itxaq  do  Boisban droll's 
ursugemeut,  shown  in  fig.  70.    A  beni  capillary  tube,  D  F,  inside  which  aploiinnin  w 
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lljnt  the  spectrum  of  a  compound  is  equal  to  tlie  sum  of  tbe  spectra  of 
its  elements— tbttt  ia,  evfri/  comjtonnd  which  is  not  decomposed  by  heat 
/lOH  its  own  proper  apeclnnn.  This  is  best  proved  by  absorption  spectni, 
which  are  esaentiaUy  only  reversed  spectra  observed  at  low  temperatures. 
Tf  evei'y  salt  of  sodium,  lithium,  and  potassium  gives  one  and  the  same 
spectrum,  this  must  be  ascribed  to  the  presence  in  the  flume  of  the  frea 
metala  liberated  by  the  decomposition  of  their  salts.  Therefore  i/te  pke- 
noriifna  of  the  sptctniinare  determined  by  riw/eculee,  and  not  hy  atoms — 
that  is,  the  molecules  of  the  metal  sodium,  and  not  its  atoms,  produce 
those  forma  of  vibrations  which  are  exprefised  iu  the  spectrum  of  a 
sodiotn  salt.  Where  there  is  no  free  metallic  sodium  there  is  no 
sodium  spectrum, 

Speelrtim  anafi/gin  has  not  only  endowed  science  with  a  represent- 
ation of  tlie  composition  of  the  distunt  heavenly  Vwdies  (of  the  sun, 
atai's,  nebulae,  comets,  &c.),  but  baa  also  given  a  new  inellioii  for  study- 
ing the  matter  of  the  earth's  surface.  Bunsen  by  its  means  discovereil 
two  new  elements  Iwlonging  to  the  group  of  the  alkali  metals,  and 
thaUium,  indium,  and  gallium  were  afterwards  discovered  by  the  same 
means.  The  spectroscope  ia  employed  in  the  study  of  rare  metala 
(which  in  solution  often  give  distinct  absorption  spectra),  of  dyes,  and 
in  general  of  many  organic  substances,  Jic.*'      With  respect  to  the 

A  a  (trom  03  to  O'S  mni,  iu  diameter)  ii  tuned,  in  imuiened  in  a  nuraw  cylinder,  C  (in 

which  it  ia  flrmlj- heW  bv  a  cork).    The  projetting  end,  a,  o(  tlio  _^ 

wire  a  covered  by  a.  line  capiUary  tube,  d.  which  extenda  1-3  mm.  ■'t*      O* 

lieyond  the  wice.    Aiiother  etnight  capilluy  tube.  E,  with  it  plftli- 

nnm  wire.  B  b,  about  1  mm.jndiametw  (a  finer  wire  aoou  becomei 

hot},  ia  held  |by  b  cork  or  in  a  atand)  above  the  end  o(  the  lab«, 

D.    II  the  vire  A  be  now  connected  tritli  the  poHitiie,  uid  the 

wire  B  with  tbe  neg:ative,  teiminaJ  of  a  Bnhmkarfl'a  coil  (it  the 

vfiron  be  connected  in  the  opponito  order,  the  apectcum  ol  air  is 

obtained),  a  Aeries  o[  sparks  rapidr  tollowing  each  otiier  a|i[Kwr 

between  a  and  b,  anil  their  light  maj  be  eiauiined  by  placing  thu 

apparatns  in  [conl  o[  the  «lit  ot  a  Bpectnncope.    The  rariatioun  In 

which  a  apectrum  ia  liable  may  eaaily  be  observed  by  ineri'ii^Lii. 

the  dibtauce  between  the  wirea,  altering  the  direction  o[  tU,;  .  .,, 

rent  or  stren^h  ot  the  aolution,  &c, 

"  The  importance  ol  the  spectroBcope  tor  the  purpo^<>  if 
chemical  researdi  was  already  shown  by  aiadstoiie  in  IsSil.  but 
it  did  uot  become  an  acc^asory  to  the  Liboratory  until  after  the 
discoveriea  of  Kirchhoff  and  Bunaen.  It  may  be  hoped  that  in 
time  spectroscopic  reBearobes  will  eiplaia  certain  wanta  of  the 
theoretical  (phOoaophieal)  aide  of  chemistry,  but  as  yet  all  [hat  ^'"itl'^T^'i^  "' 
liuH  been  done  iu  this  respect  can  only  be  regarded  aa  attetapts  Enuu  of  •abacadcaa 

which  hare  not  yet  led  to  any  trnitworlhy  eanclasioua.  Tlinsniany,  *"  a>l'"'on- 

by  collating  the  wave  lengths  of  all  the  light  vibrabioas  eiciled  by  a  given  element, 
endeavour  to  flud  the  law  governing  their  mutual  reUtione;  others  (eapecially  Hartley 
and  Ciaroician),  by  comparing  the  spectra  ot  analogous  elements  (for  instance,  chlorine, 
bromine,  and  iodine),  hate  ancceeded  in  noticing  deHnite  featores  ot  resemblance  in 
them,  whilst  others  (GrUnwald)  search  for  reUtiona  betweeo  the  apectra  of  eompounda 
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metiils  which  are  analogous  to  sodium,  they  all  give  such  very  volatile 
salts  and  such  very  characteristic  si)ectra  that  the  least  traces  of  them** 
arcj  discovered  with  great  ease  by  means  of  the  spectroscope.  For 
instance,  lithium  gives  a  very  brilliant  red  coloration  to  a  flame  and 
a  very  bright  red  spectral  line  (wave  length,  670  millionths  mm.),  which 
indicates  the  presence  of  this  metal  in  admixture  with  compounds  of 
other  alkali  metals. 

Lithium^  Li  =  7,  is,  like  potjissium  and  sodium,  somewhat  widely 
spread  in  siliceous  rr)cks,  but  only  occurs  in  small  quantities  and  as 
nnjre  traces  in  considerable  masses  of  potassium  and  sodium  salts.  Only 
a  vt»ry  few  minerals  contain  more  than  traces  of  it.*^  The  compounds 
of  lithium  are  in  all  respects  closely  analogous  to  the  corresponding 
compounds  of  sodium  and  potjissium  ;   but  the  carbonate  is  sparingly 

and  their  component  elementH,  itc;  but — owing  to  the  mutiplicity  of  the  spectral  lin« 
proper  to  many  elonientg,  and  (etipecially  in  the  ultra-re<l  and  ultra-violet  ends  of  the 
siH'ctrum)  the  existence  of  lines  which  are  undintinguiiiliable  owing  to  their  fiiintness, 
and  also  owing  to  the  comi)arative  novelty  of  Hi>ectroscopic  research — this  subject  cannot 
l>e  considered  as  in  any  way  i>erfected  in  any  of  its  branches. 

•^^  In  order  to  show  the  degree  of  sensitiveness  of  si^ectroscopic  reactions  it  will  be 
ent)Ugh  to  cite  the  following  observation  of  Dr.  Bcnce  Jones.  If  a  solution  of  8  grains  of 
a  litliium  salt  be  injected  under  the  nkin  of  a  guinea-pig,  then,  after  the  lapse  of  four 
minutes,  lithium  may  already  be  discoverved  in  the  bile  and  liquids  of  the  eye,  and, 
after  ten  minutes,  in  all  parts  of  the  animal. 

^•'  Thus  spodunune  contains  up  to  <i  p.c.  of  lithium  oxide,  and  j^ftolite,  and  lepidoUtf 
or  lithia  mica,  about  8  p.c.  of  lithium  oxide.     This  mica  is  met  with  in  certain  granite* 
in  a  wmiewhat  considerable  (juantity,  and  is  therefore  most  frequently  employed  for  tlie 
preparation  of  litliium  compounds.     The  treatment  of  lepidolite  is  carried  on  on  a  lar^re 
scale.  l>ecau^.e  certain  salts  of  lithium  are  employed  in  medicine  ab  a  remedy  for  certain 
di'^eabes  (^tone,  p)uty  affection?.),    as  they  have   the  power  of  dissolving  the    inholuble 
uric   acid  which   is   then  deiK»8ited.     Lepidolite,  which  is  unacted  on  by  acids  in  it* 
natural  stati;,  decomposes  under  the  action  of  strong  hydrochloric  acid  after  it  has  been 
fuNe<l.     After  Xn'.'wv^  subjected  to  the  action  of  the  hydrochloric  acid  for  several  hour*  all 
the  silica  is  obtained  in  an  insolulile  fonn,  whilst  the  metallic  oxides  pa.ss  int<)  solution 
ab  chlorides.     This  solution  is  mixed  with  nitric  acid  to  convert  the  ferrous  salts  into 
ferric,  and  sodium  carbonate  is  then  added  until  the  li<iuid  becomes  neutral,  by  which 
means  a  precipitate  is  formed  of  the  oxides  of  iron,  alumina,  magnesia,  &c.,  as  insoluble 
oxides  and  carbonates.     The  solution  (with  an  excess  of  water)  then  contains  the  c\\\(*- 
rides  of   the  alkaline  metals  KCl,  NaCl,  LiCl,  which  do  not  give  a  precipitate  with 
sodium  carbr)nate  in  a  dilute  solution.     It  is  then  evaporated,  and  a  strong  solution  of 
feodiuni  carbonate  added.     This  j^recipitates  lithium  carbonate,  which,  although  soluble 
in  water,  is  much  less  so  than  stxlium  carlxmate,  and  theref<^re  the  latter  precipitate* 
lithium  from  strong  solutions  as  carbonate  2LiCl  +  Xa-jCO.-,  =  2NaCl  +  LioCOj.     Lithium 
cnrhonati'f  which  resembles  sodium  carbonate  in  many  resiH'cts,  is  a  substance  wliich  is 
very  slightly  soluble  in  c<»ld  water  and   is  only  somewhat  soluble  in  boiling  water.     In 
tlii?,  res]»ect  litliitim  forms  a   transition  between  the  metals  of  the  alkalis  and  other 
metals,  especially  the  metals  of  the  alkaline  earths  (magnesium,  barium),  whose  ciirl>o- 
nates  nrv  only  ^.paringly  soluble.     Oxide  of  lithium,  LijO,  may  be  obtained  by  heating 
litliium   carbonate  with   charcoal.      Lithium  c»xi<le   in  diswilving  gives  (per  molecule) 
*i«)(MM)  heat  units;  but  the  combination  of  Li.^  with  O  evolves  141IU00  calories — that  is 
more  than    Na.^.O   (UKMMM)  calories)   and    KA)   ^1>700()    calories »,  as  shown   by  Beketof! 
<lbs7l. 
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soluble  ill  cold  water,  which  fact  is  taken  advantage  of  for  separating 
lithium  from  potassium  and  sodium.  This  salt,  LijCOa,  is  easily  con- 
verted into  the  other  compounds  of  lithium.  Thus,  for  instance,  the 
lithium  hydroxide,  LiHO,  is  obtained  in  exactly  the  same  way  as  caustic 
soda,  by  the  action  of  lime  on  the  carbonate,  and  it  is  soluble  in  water 
and  crystallises  (from  its  solution  in  alcohol)  as  LiH0,H20.  Metallic 
Hthimn  is  obtained  by  the  action  of  a  galvanic  current  on  fused  lithium 
chloride ;  for  this  purpose  a  cast-iron 
crucible,  furnished  with  a  stout  cover, 
is  filled  with  lithium  chloride,  he^ited 
until  the  latter  fuses,  and  then  a  strong 
galvanic  current  is  passed  through  the 
molten  mass.  The  positive  pole  (tig.  77) 
consists  of  a  dense  carbon  rod  C  (sur- 
rounded by  a  porcelain  tube  P  fixed  in 
an  iron  tube  B  B),  and  the  negative  pole 
of  an  iron  wire,  on  which  the  metal  is 

,  .       ,        -  -  -  -     Fio.  77.— Preparation  of  lithium  by  the 

deposited    after   the    current   has   passed  action  ol  a  »?alvamc  current  on  fused 

..  ,^  -  X    •     1         .!_      i?         lithium  oMoride. 

the  molten  mass  for  a  certain  length  of 

time.  Chlorine  is  evolved  at  the  positive  pole.  When  a  somewhat 
considerable  quantity  of  the  metal  has  accumulated  on  the  wire  it  is 
withdrawn,  the  metal  is  collected  from  it,  and  the  experiment  is  then 
earned  on  as  before.  Lithium  is  the  lightest  of  all  metals,  its  specific 
gravity  is  0*59,  owmg  to  which  it  even  floats  on  naphtha  ;  it  melts  at 
1 80^,  but  does  not  volatilise  at  a  red  heat.  Its  appearance  recalls  that 
of  sodium,  and,  like  it,  it  has  a  yellow  tint.  At  200°  it  bums  in  air 
with  a  very  bright  flame,  forming  lithium  oxide.  In  decomposing 
water  it  does  not  ignite  the  hydrogen.  The  characteristic  test  for 
lithium  compounds  is  the  red  coloration  which  they  impart  to  a  colour- 
less flame.  ^^ 

Bunsen  tried  to  determine  by  means  of  the  spectroscope  whether 
any  other  as  yet  unknown  metals  do  not  occur  in  diflei-ent  natural 
products  together  with  lithium,  potassium,  and  sodium,  and  he  soon 
discovered  two  new  alkali  metals  showing  independent  spectra.  They 
are  named  after  the  characteristic  coloration  which  they  impart  to  the 

^  In  deU'miiniiig  the  preHcnce  of  lithium  in  a  given  compound,  it  is  liest  to  treat  the 
material  under  investigation  with  acid  (in  the  case  of  mineral  silicon  compounds  hydro- 
fluoric acid  must  be  taken),  and  to  treat  the  residue  with  sulphuric  acid,  evaporate  to 
.dr}'nesK,  and  extract  with  alcohol,  which  dissolves  a  certain  amount  of  the  lithium  sul- 
j>)iate.   It  is  easy  to  discover  lithium  in  such  an  alcoholic  solution  by  means  of  the  colo- 
riitiou  imparted  to  the  flame  on  burning  it,  and  in  case  of  doubt  by  investigating  its 
light  in  a  spectroRco})e,  because  lithium  gives  a  red  line,  which  is  very  characteristic  and 
ib  found  as  a  dark  line  m  the  solar  si)ectrum.    Lithium  was  first  disiMivered  in  ltil7  in 
I>ctolite  by  Arfvedson. 
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flame.  One  which  gives  a  red  and  violet  band  is  named  rubidium^ 
from  rvhidivs  (dark  red),  and  the  other  is  called  caenuniy  because  it 
colours  a  pale  flame  sky  blue,  which  depends  on  its  containing  bright 
blue  rays,  which  appear  in  the  spectrum  of  caesium  as  two  blue  bands. 
Both  metals  accompany  sodium,  potassium,  and  lithium,  but  in  small 
quantities  ;  rubidium  occurs  more  frequently  than  caesium.  The  amount 
of  the  oxides  of  caesium  and  rubidium  in  lepidolite  does  not  generally 
exceed  one-half  p.c.  Rubidium  has  also  been  found  in  the  ashes  of  many 
plants,  but  it  does  not  seem  to  accompany  potassium  in  sea  water. 
Rubidium  also  occurs,  although  in  very  small  quantities,  in  the  majority 
of  mineral  waters.  In  a  very  few  cases  caesium  is  not  accompanied  by 
rubidium  ;  thus,  in  a  certain  granite  on  the  Isle  of  Elba,  caesium  has 
been  discovered,  but  not  rubidium.  This  granite  contains  a  very  rare 
mineral  called  j^ollux,  which  contains  as  much  as  34  p.c.  of  caesium 
oxide.'* '  Guided  by  the  spectroscope,  and  aided  by  the  fact  that  the 
double  salts  of  platinic  chloride  and  rubidium  and  caesium  chlorides 
are  still  less  soluble  in  water  than  the  corresponding  potassium  salt, 
KjPtClg,  Bunsen  succeeded  in  separating  both  metals  from  each  other 
and  from  potassium,  and  demonstrated  the  great  resemblance  they 
bear  to  each  other.     The  isolated  metals,***  rubidium  and  caesium,  have 


*^  The  salts  of  the  majority  of  metals  are  precipitated  as  carbonates  on  the  addition 
of  ammonium  carbonate — for  instance,  the  salts  of  calcium,  iron,  <fec.  The  alkahs 
whose  carbonates  are  soluble  are  not,  however,  precipitated  in  this  case.  On  evaporat- 
ing the  resultant  solution  and  igniting  the  residue  (to  remove  the  ammonium  salts),  we 
obtain  salts  of  the  alkali  metals.  They  may  be  separated  by  adding  hydrochloric  acid 
witli  a  solution  of  i>latinic  chloride.  The  chlorides  of  lithium  and  sodium  give  easily- 
soluble  double  salts  with  platinic  chloride,  whilst  the  chlorides  of  potassium,  rubidium 
and  caesium  form  double  salts  which  are  sparingly  soluble.  A  hundred  parts  of  water 
at  O'^  dissolve  0*74  part  of  the  potassium  platinocliloride  ;  the  corresponding  rubidium 
platinochloride  is  only  dissolved  to  the  amoimt  of  0184  part,  and  the  caesium  salt, 
0'024  part;  at  100"'  5'13  parts  of  potassium  platinochloride,  E^PtCl^,  is  dissolved, 
0*684  parts  of  rubidium  platinochloride,  and  0177  parts  of  caesium  platinochloride. 
E*rom  this  it  is  clear  how  the  salts  of  rubidium  and  caesium  may  be  isolated.  The 
separation  of  caesium  from  ru"bidium  by  this  means  is  very  lengthy.  It  ia  better 
effected  by  taking  advantage  of  the  difference  of  the  solubility  of  their  caxbonates  in 
alcohol ;  caesium  carbonate,  CsoCO^,  is  soluble  in  alcohol,  whilst  the  corresponding  salts 
of  rubidium  and  xx)tassium  are  almost  insoluble.  Setterberg  separated  these  metcds  aa 
alums,  but  the  best  method,  that  given  by  Scharples,  is  founded  on  the  fact  that  from 
a  mixture  of  the  chlorides  of  potassium,  sodium,  caesium,  and  rubidium  in  the  pre- 
sence of  hydrochloric  acid  stannic  chloride  precipitates  a  double  salt  of  caesium,  which  is 
very  slightly  soluble.  The  salts  of  Rb  and  Cs  are  closely  analogous  to  those  of 
potassium. 

**  Bmisen  obtained  rubidium  by  distilling  a  mixture  of  the  tartrate  with  soot,  and 
Beketoff  (1888)  by  heating  the  hydroxide  with  aluminium  2RbH0  +  Al  =  RbAlOa + 
Ha  +  Rb.  By  the  action  of  85  grams  of  rubidium  on  water,  94000  heat  units  are 
evolved.  Setterberg  obtained  caesium  (1882)  by  the  electrolysis  of  a  fused  mixture  of 
cyanide  of  caesium  and  of  barium. 
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specific  gravities  of  1'53  and  1-88  respectively,  and  melt  at  39°  and 
27". 

Judging  by  the  properties  of  the  free  metals,  and  of  their  corre- 
sponding and  e^en  very  complex  compounds,  lithium,  sodium,  potaa- 
siuin,  i-ubidiuni,  and  caesium  present  an  indubitable  chemical  resem- 
blance. The  fact  that  the  metals  easily  decompose  water,  and  that 
their  hydroxides  RHO  and  carbonates  R^COj  ai'e  soluble  in  water, 
whilst  the  hydroxides  and  carbonates  of  nearly  all  other  metals  are 
insoluble,  confirms  thifi,  and  if  the  resemblance  lietween  the  correspond- 
ing salts  bo  taken  into  consideration  there  is  no  doubt  that  the  resem- 
blance in  the  chemical  character  of  these  metals  is  very  considerable  : 
therefore  they  form  a  natural  group  of  alkali  metals.  The  halogenB 
and  the  alkali  metals  form,  by  their  character,  the  two  extremes  of 
the  elements.  Some  of  the  other  elements  are  metals  approaching  in  a 
certain  degree  the  alkali  metals,  both  iu  their  capacity  of  forming  salts 
and  in  not  forming  acid  compounds,  bufi  are  not  so  energetic  as  the  alkali 
metals,  and  are  displaced  by  the  latter  from  the  majority  of  their  com- 
pounds ;  they  also  evolve  less  heat  in  combining  with  the  halogens,  and 
form  less  energetic  Imses  than  the  alkali  metals.  Such  are  the  common 
metals,  silver,  iron,  copper,  itc.  Some  other  elements,  in  the  character 
of  their  compounds,  approach  the  halogens,  and,  like  them,  combine 
with  hydrogen,  but  these  compounds  do  not  show  the  energetic  property 
of  the  halogen  acids  ;  in  a  free  state  they  eaetly  combine  with  metals, 
but  they  do  not  then  form  such  saline  compounds  as  the  halogens  do — - 
in  a  word,  the  halogen  properties  are  less  sharply  defined  in  them  than 
in  the  halogens  themselves.  Sulphur,  phosphorus,  arsenic,  >tc.,  belong 
to  tliis  order  of  elements.  Lastly,  there  is  yet  another  order  of  elements, 
like  carbon  and  nitrogen,  in  which  neither  the  metallic  nor  the  halogen 
properties  are  clearly  defined,  and  which  in  this  respect  occupy  an 
iiitennediate  position  between  the  two  above-mentioned  orders  of  ele- 

The  clear  distinction  of  the  properties  of  the  halogens  and  alkali 
iiietals  is  expressed  in  the  fact  that  the  former  give  acids  and  do  not 
form  bases,  whilst  the  latter,  on  the  contrary,  only  give  bases.  The 
fii'st  are  true  acii!  r-feiiifnlg,  the  latter  clearly-defined  baste  or  metallic 
i-lem^nta.  On  combining  together,  the  halogens  form,  in  a  chemical 
sense,  unstable  compounds,  and  the  alkali  metals  alloys  in  which  the 
character  of  the  metals  remains  unaltered,  just  as  in  the  compound 
ICl  the  character  of  the  I  lalogens  remains  undisguised;  thus  both  classes 
of  elements  on  combining  with  merabers  of  their  own  class  form  Don- 
characteristic  com|Tound3,  which  have  the  properties  of  their  compo- 
nents.    On  the  other  hand,  the  halogens  on  combining  with  the  alkali 
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metals  fonn  compounds  which  are,  in  all  respects,  stable,  and  in  which 
the  original  chanicters  of  the  halogens  and  alkali  metals  have  entirely 
disappeared.  The  formation  of  such  compounds  is  accompanied  by 
evolution  of  a  large  amount  of  heat,  and  by  an  entire  change  of  both 
the  physical  and  chemical  properties  of  the  substances  originally  taken. 
The  alloy  of  sodium  and  potassium,  although  liquid  at  the  ordinary 
temperature,  is  perfectly  metallic,  like  both  its  components.  The 
compound  of  sodium  and  chlorine  has  neither  the  appearance  nor  the 
properties  of  the  original  elements  ;  sodium  chloride  melts  at  a  higher 
temperature,  and  is  more  difficultly  volatile,  than  either  sodium  or 
chloiine. 

With  all  these  qualitative  differences  there  is,  however,  an  important 
quantitative  resemblance  between  the  halogens  and  the  alkali  metals. 
This  resemblance  is  clearly  expressed  by  stating  that  both  orders  of 
elements  belong  to  those  which  are  univalent  with  respect  to  hydrogen. 
It  is  thus  possible  to  express  that  both  the  above-named  orders  of  ele- 
ments i^eplace  hydrogen  atom  for  atom.  Chlorine  is  able  to  take  the 
place  of  hjdrogen  by  metalepsis,  and  the  alkali  metals  take  the  place 
of  hydrogen  in  water  and  acids.  As  it  is  possible  to  consecutively  re- 
place every  equivalent  of  hydrogen  in  a  hydrocarbon  by  chlorine,  so  it 
is  possible  in  an  acid  containing  several  equivalents  of  hydrogen  to 
replace  the  hydrogen  consecutively  equivalent  after  equivalent  by  an 
alkali  metal ;  hence  an  atom  of  these  elements  is  analogous  to  an 
atom  of  hydrogen,  which  is  taken,  in  all  respects,  as  the  unit  for  the 
comparison  of  the  other  elements.  In  ammonia  and  in  water  chlorine 
and  sodium  are  able  to  bring  about  a  direct  replacement.  According  to 
the  law  of  substitution,  the  formation  of  sodium  chloride,  XaCl,  already 
shows  the  equivalence  of  the  atoms  of  the  alkali  metals  and  the  halo- 
gens. The  halogens  and  hydrogen  and  the  alkali  metals  combine  with 
such  elements  as  oxygen,  and  it  is  easily  seen  that  in  such  compounds 
one  atom  of  oxygen  is  able  to  retain  two  atoms  of  the  halogens,  of 
hydrogen,  and  of  the  alkali  metals.  In  this  respect  it  is  enough  to 
compare  the  compounds  KHO,  K.^O,  HCIO,  and  Cl.^O,  with  water.  It 
must  not  be  forgotten,  however,  that  with  oxygen  the  halogens  give 
higher  acid  grades  of  oxidation,  besides  compounds  of  the  type  ItjO, 
which  the  alkali  metals  and  hydrogen  are  not  capable  of  forming.  We 
shall  soon  see  that  these  relations  are  also  subject  to  a  special  law, 
showing  the  gradual  transition  of  the  properties  of  the  elements  from 
the  alkali  metals  to  the  halogens,"*^ 

^^  We  may  here  observe  that  the  halogens,  and  especially  iodine,  may  play  the  i>art 
of  metals  (hence  iodine  is  more  easily  replaced  by  metals  than  tlie  other  halogens,  and  it 
approaches  nearer  to  the  metals  in  its  physical  properties  than  the  other  halogens). 
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The  atomic  weights  of  the  alkali  metals,  lithium  7,  sodium  23,  po- 
tassium 39,  rubidium  85,  and  caesium  133,  show  that  here,  as  in  the 
halogens,  the  elements  may  be  arranged  according  to  their  atomic 
weights  in  order  to  compare  the  properties  of  the  analogous  compounds 
of  the  members  of  this  group.  Thus,  for  example,  the  platinochloiides 
of .  lithium  and  sodium  are  soluble  in  water ;  those  of  potassium, 
rubidium,  and  caesium  sparingly  soluble,  and  the  greater  the  atomic 
weight  of  the  metal  the  less  soluble  is  the  salt.  In  other  cases  the 
reverse  is  observed— the  greater  the  atomic  weight  the  more  soluble 
are  the  corresponding  salts.  The  variation  of  properties  with  the  varia- 
tion in  atomic  weights  even  shows  itself  in  the  metals  themselves  ;  thus 
lithium  volatilises  with  difficulty,  whilst  sodium  is  obtained  by  means 
of  distillation,  potassium  volatilises  more  easily  than  sodium,  and  rubi- 
dium and  caesium,  as  we  have  seen,  are  still  more  volatile. 

Scliiitzenberj^er  obtained  a  compound  C2H30(0C1),  which  he  called  chlorine  acetate,  by 
acting  on  acetic  anhydride,  (C2H50)20,  with  chlorine  monoxide,  Cl^O.  With  iodine  this 
conii>oand  disengages  chlorine  and  forms  iodine  acetate,  CsH50(0I),  which  also  is  formed 
by  the  action  of  iodine  chloride  on  sodium  acetate,  C-jH50(0Na).  Such  compounds  are 
very  unstable,  decompose  with  an  explosion  when  heated,  and  are  changed  by  the  action 
of  water  and  of  many  other  re-agents,  which  is  in  accordance  with  the  fact  that  they  con- 
tain very  closely-allied  elements,  as  CI2O  itself,  or  ICl  or  KXa.  By  the  action  of  chlorine 
monoxide  on  a  mixture  of  iodine  and  acetic  anhydride,  Schiitzenbergcr  also  obtained  the 
compound  I(C2H50^)3,  which  is  analogous  to  ICI5,  because  the  group  C2H50;>  is,  like  CI, 
a  halogen,  forming  salts  with  the  metals. 
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CHAPTER  XIV 

THE   VALENCY  AND   SPECIFIC   HEAT  OF  THE   METALS.      MAGNESIUM, 
CALCIUM,   STRONTIUM,    BARIUM,    AND  BERYLLIUM 

It  is  easy  by  investigating  the  composition  of  corresponding  com- 
pounds, to  establish  the  equivalent  tveights  of  the  metals — that  is,  the 
quantity  which  replaces  one  part  by  weight  of  hydrogen.     If  a  metal 
directly  decomposes  acids,  with  the  evolution  of  hydrogen,  then  the 
equivalent  weight  of  the  metal  may  be  determined  by  taking  a  definite 
weight  of  it  and  measuring  the  volume  of  hydrogen  evolved  by  its 
action  on  an  excess  of  acid  ;  then  it  is  easy  to  calculate  the  weight 
of  the  hydrogen  from  its  volume.*     The  same  result  may  be  arrived  at 
by  determining  the  composition  of  the  normal  salts  of  the  metal  ;  for 
instance,  by  finding  the  weight  which   combines  with  35*5  parts  of 
chlorine  or  80  parts  of  bromine.^     The  equivalent  of  a  metal  may  be 
also  learnt  by  simultaneously  {i.e.,  in  one  circuit)  decomposing  an  acid 
and  a  fused  salt  of  a  given  metal  by  an  electric  current  and  determin- 
ing the  relation  between  the  amounts  of  hydrogen  and  metal  separated, 
because,  according  to  Faraday's  law,  electrolytes  (conductors  of  the 
second  order)  are  always  decomposed  in  equivalent  quantities.     The 
equivalent  of  a  metal  may  even  be  found  by  simply  determining  the 
relation  between  the  weight  of  a  metal  and  of  its  salt  giving  oxide, 
as  by  this  weight  we  know  the  weight  of  the  metal  which  combines 
with  8  parts  by  weight  of  oxygen,  and  this  will  be  the  weight  of  an 
equivalent,  ]>ecause  8  parts  of  oxygen  combine  with  1  part  by  weight  of 


*  Under  favourable  circumstauces  (by  taking  all  the  requisite  precautions),  the  weight 
of  the  equivalent  may  be  accurately  detennined  by  this  method.  Thus  Reynolds  and 
Ramsay  (1887)  determined  the  equivalent  of  zinc  to  be  82*7  by  this  method  (from  the 
average  of  23  experiments),  whilst  by  other  methods  it  has  been  fixed  (by  different 
observers)  between  82' 55  and  88'9o. 

The  difference  in  their  equivalents  may  be  demonstrated  by  taking  equal  weights  of 
different  metals,  and  by  collecting  the  hydrogen  evolved  by  them  (under  the  action  of  an 
acid  or  alkali). 

'  The  most  accurate  determinations  of  this  kind  were  carried  on  by  Stas,  and  will  be 
described  in  speaking  of  silver. 
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hydrogen.  One  method  is  verified  by  another,  and  all  the  processes  for 
the  accurate  determination  of  the  equivalents  require  the  most  nccurata 
methods  to  avoid  the  absorption  of  moisture,  of  further  oxidation, 
volatility,  and  other  like  circumstances  which  influence  exact  weigh- 
ings. The  description  of  the  methods  necessary  for  the  attainment  of 
exact  results  belongs  to  the  province  of  analytical  cliemistry. 

For  univalent  metals,  like  those  o£  the  alkalis,  the  weight  of  the 
equivalent  b  equal  to  the  weight  of  the  atom.  For  bi%-atent  metals 
the  atomic  weight  ie  equal  to  the  weight  of  two  equivalents,  for  »i-valent 
metals  it  is  equal  to  the  weight  of  n  equivalents.  Thus  aluniiniutii, 
Al=:27,  is  trivaJent,  that  is,  its  equivalent  ^  9  ;  magnesium,  Mg^24, 
is  bivalent,  and  its  equivalent^l2.  Therefore,  if  potassium  or  sodium, 
or  in  general  a  univalent  metal,  M,  gives  compounds  M5O,  MHO, 
MCI,  MNOj,  M,SO„  Jtc,  and  in  geaeral  MX,  then  for  bivalent 
metals  like  magnesium  or  calcium  the  corresponding  compounds 
wiU  be  MgO,  Mg(HO)„  MgCl„  Mg(N03)j,  MgSO,,  Ac,  or  in  general 
MX,. 

By  what  are  we  to  be  guided  in  ascribing  to  some  metals  uni- 
valency  and  to  others  bi-  ter-  quadri-.  .  .  Ji-\-alency  ?  What  obliges 
us  to  make  this  difference  t  Why  are  not  all  metals  given  the  same 
valency- — for  instance,  why  is  not  magnesium  considered  as  univalent  1 
If  this  be  done,  taking  Mg^l2  (and  not  24  as  now  used),  not  only  is 
&  simplicity  of  expression  of  the  composition  of  all  the  compounds  of 
magnesium  attained,  but  also  we  gain  the  advantage  that  their  com- 
position will  be  the  same  as  those  of  the  corresponding  compounds  of 
sodium  and  potassium.  These  compositions  were  so  expressed  before, 
why  has  this  been  changed  now  1 

These  questions  could  only  be  answered  after  the  establishment  of 
the  conceptions  of  multiples  of  the  atomic  weights  as  the  minimum 
quantities  of  the  elements  combining  together  to  form  compounds — in 
a  word,  since  the  time  of  the  establishment  of  Avogadro-Gerhardt's  law 
(Chap.  YII.).  By  taking  such  an  element  as  arseidc,  which  has  many 
volatile  compounds,  it  is  easy  to  determine  the  density  of  these  com- 
pounds, and  therefore  to  establish  their  molecular  weights,  and  hence 
to  find  the  indubitable  atomic  weight,  exactly  as  for  oxygen,  nitrogen, 
chlorine,  carbon,  &c.  It  appears  that  AsssTS,  and  its  compounds  cor- 
respond, like  the  compounds  of  nitrogen,  with  the  forms  AsXj  and 
AaXj  ;  for  example,  AsHj,  AsClj,  AsFlj,  AsjOj,,  ic.  It  is  evident 
that  we  are  here  dealing  with  a  metal  (or,  better,  element)  of  two 
valencies,  and  which  is  furthermoi-e  in  no  way  univalent,  but  tri-  or 
quinqui-valeut.  This  example  alone  is  sufiicient  for  the  recognition  of 
the  existence  of  polyvalent  atoms  among  the  metals.     And  as  antimony 
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and  hLsinath  are  clr^s^Iv  anAlo^iOS  to  arsenic  in  all  their  oompcKuiciay 
aft  pTitajK^iam  L^  analogoas  to  rabidinm  and  caesinm;  timelorcL 
although  y^ry  few  volatile  compounds  ai  bismnth  are  known,  it  was 
neeesaarr  u>  ascribe  to  them  £t>rmalae  corresponding  with  those  ascribed 
Vf  arsenic. 

Aa  we  shall  see  in  descnl>in^  them,  there  are  also  many  analogous 
metaLs  among  the  bivalent  elements,  some  <^  which  also  give  volatile 
compr^undi.  For  example,  zinc,  which  is  itself  volatile,  gives  sevend 
volatile  compounds  (for  instance,  zinc  ethyl,  ZnC^HiQ,  which  boils  at 
118%  vapour  density =C1 '3),  and  in  the  molecules  of  aU  these  com- 
pounds there  is  never  less  than  05  parts  of  zinc,  which  is  equivalent  to 
H^,  because  65  parts  of  zinc  displace  2  parts  by  weight  of  hydrogen  :  so 
that  zinc  Is  just  such  an  example  of  the  bivalent  metals  as  oxygen, 
whose  e^juivalent  =^  rljecause  H.^  is  replaced  by  0=16>,  is  a  representa- 
tive of  the  bivalent  elements,  or  as  arsenic  is  of  the  tri-  and  quinqui- 
valent elements.  And,  as  we  shall  afterwards  see,  magnesium  is  in 
many  respects  closely  analogous  to  zinc,  which  fact  obliges  us  to  regard 
ma'mesium  as  a  bivalent  metaL 

Such  metals  as  mercury  and  copper,  which  are  able  to  give  not  one 
but  two  Viases,  are  of  particular  importance  for  distinguishing  uni\'alent 
and  bivalent  metals.  Tims  copper  gives  the  sulx>xide  CujO  and  the 
oxide  Cu'>-  that  is,  the  compounds  CuX  corresponding  with  the  sub- 
oxide are  analogous  (in  the  quantitative  relations,  by  their  composition) 
to  NaX  i»r  Ajj'X,  and  the  compounds  «>f  the  oxide  CuX^  to  MgX^ 
ZnX.^,  and  in  general  to  the  bivalent  metals.  It  Is  clear  that  in  such 
examples  we  must  distinguish  metals  of  varying  atomicity. 

In  this  manner  the  valency  of  many  metals  may  be  established 
by  m»'ans  of  certain  and  comparatively  few  volatile  metallic  com- 
I>ounds,  and  by  the  aid  of  a  search  into  their  analogies  (concerning 
which  s^*e  Chap.  XV.).  Tlie  Uim  of  sp^^rijic  heats  discovered  by  Dulong 
and  Petit   has  frecjUHntly  l>een  applied  to  the  same  purpose  *    in  the 

^  Thi:  vVu-i  riu.-aijs  by  which  w-.  determine  the  valency  of  the  elements,  or  wIiaI 
iiiiiltiphr  of  the  equivailents  shouhl  b*,*  ascrilKf<l  to  the  atom,  are  :  ^1)  The  law  of  Avogadn^- 
^ierlianlt.  Thi?i  inetluxl  \^  the  ino»t  jreneral  and  trustworthy,  and  ha^  already  be^n 
u})[>lied  to  ii  \Lv*\xi  numWr  of  ♦•h-ments.  i*2j  The  different  ^Trades  of  oxidation  and  their 
isomorphism  or  anah»fry  in  jr«'n«*riil ;  for  exanjpk*.  Fe  =  HO  because  the  suboxide  ^ferrous 
oxide)  iH  is/>morphou3  with  nuignesium  oxid»s  iVc.  and  the  oxide  (ferric  oxide i  contains 
li  times  as  much  oxy;^cii  us  the  buboxide.  Bt-rzelius,  Marijrnac,  and  others  took  iidvan- 
tii^^e  of  this  meth«Kl  for  detennininj:  the  comiM»>itinii  of  the  comjwundsof  many  elements. 
r.\)  The  sp^'cific  heat,  according  to  Duh-ng  and  Tetit's  law.  lU'gnault,  and  more  espocially 
Cainiizzaro,  used  this  nutho*!  to  di-^tinj.'uii.h  univalent  from  bivalent  metals.  y\')  The 
pi-rirRlic  law  istc  Chapt«.'r  XV. i  has  >*erve<l  a^  u  means  for  the  detennination  of  the 
atomic  w«'i;<htH  of  cerium,  uranium,  yttrium.  Arc,  and  more  esj^ecially  of  galliiun, 
Hcandium,  and  germanium.      The   correction    of   the  results  of  one  method  by  thos.e 
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history  of  chemistry,  especially  since  the  development  given  to  this  law 
by  the  researches  of  Regnault,  and  since  Cannizzaro  (1860)  showed  the 
agreement  between  the  deductions  of  this  law  and  the  consequences 
arising  from  Avogadro-Gerhardt's  law. 

Dulong  and  Petit,  having  determined  the  specific  heat  of  a  number 
of  solid  elementally  substances,  observed  that  as  the  atomic  weights  of 
the  elements  increase,  their  specific  heats  decrease,  and  that  the  product 
of  the  specific  heat  Q  into  the  atomic  weight  A  is  an  almost  constant 
quantity.  This  means  that  to  bring  different  elements  into  a  known 
thermal  state,  an  equal  amount  of  work  is  required  if  atomic  quantities 
of  the  elements  are  taken  ;  that  is,  the  amounts  of  heat  expended  in 
heating  equal  quantities  by  weight  of  the  elements  are  far  from  equals 
but  are  in  inverse  proportion  to  the  atomic  weights.  For  thermal 
changes  the  atom  is  a  unit ;  all  atoms,  notwithstanding  the  difference  of 
weight  and  nature,  are  equal.  This  is  the  simplest  expression  of  the 
fact  discovered  by  Dulong  and  Petit.  The  specific  heat  measures  that 
quantity  of  heat  which  is  required  to  raise  the  temperature  of  one  unit 
of  tceight  of  a  substance  by  one  degree.  If  the  magnitude  of  the 
specific  heat  of  elements  be  multiplied  by  the  atomic  weight,  then  we 
obtain  the  atomic  heat — that  is,  the  amount  of  heat  required  to  raise 
the  temperature  of  the  atomic  weight  of  an  element  by  one  degree.  It 
is  these  products  which  for  the  majority  of  .the  elements  prove  to  be 
approximately,  if  not  quite,  identical.  A  complete  identity  cannot  be 
expected,  because  the  specific  heat  of  one  and  the  same  substance  varies 
with  the  temperature,  with  its  passage  from  one  state  into  another,  and 
frequently  with  even  a  simple  mechanical  change  of  density  (for  in- 
stance by  hammering),  not  to  speak  of  allotropic  changes,  &c.     We  will 


of  others  in  generally  had  recourse  to,  and  is  quite  necessary,  because  phenomena  of  dis» 
Hociatioii,  polymerisation,  4fcc.,  may  complicate  the  individual  determinations  by  each 
method. 

It  will  be  well  to  observe  that  a  number  of  other  methods,  especially  from  the  province 
of  those  physical  properties  which  are  clearly  dependent  on  the  magnitude  of  the  atom 
(or  equivalent)  or  of  the  molecule,  may  lead  to  the  same  result.  I  may  point  out,  for 
instance,  that  even  the  specific  gravity  of  solutions  of  the  metallic  chlorides  (Chapter  VII. 
p.  322)  may  serve  for  this  purpose.  Thus  if  beryllium  be  taken  as  trivalent — that  is,  if 
the  composition  of  its  chloride  be  taken  as  BeClj  (or  a  polymeride  of  it),  then  the  specific 
gravity  of  solutions  of  Iwryllium  chloride  will  not  fit  into  the  series  of  the  other  metallic 
chlorides.  But  on  ascribing  to  it  an  atomic  weight  Be  =  7,  or  taking  Be  as  bivalent,  the 
composition  of  its  cliloride  us  BeCU,  we  arrive  at  the  general  rule  given  on  p.  818.  Tlius 
W.  G.  Burdakoff  determined  in  my  laboratory,  that  the  specific  gravity  at  15°  4^  of  thc^ 
solution  BeCl.2  +  200HjO  =  10138 — that  is,  greater  than  tlie  corresponding  solution 
KCl  +  200 R.O  (-10121),  and  less  than  the  solution  MgCl.2  +  2()0H2O  (=  1*0203),. 
as  would  follow  from  the  magnitude  of  the  molecular  weight  BeCl^  —  80,  because 
KCl  ^74-5  and  MgClo  =  05  (see  my  work  Investigation  of  Aqueous  SolutionSj  1887,. 
p.  425). 
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cite  several  figures^  proving  tbe  truth  of  the  oondnsioiis  airiTed  at 

by  Dulong  and  Petit. 
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It  is  seen  from  this  that  the  product  of  the  specific  heat  €i  the 
element  into  the  atomic  weight  is  an  almost  contant  quantity,  which 
is  nearly  6.  Therefore  the  possibility  arises  of  judging  the  valency 
with  a  soti&cient   degree  of  exactitude,  by  the  specific  heats  of  the 


*  Th«  >p«cilic  h«tits  h«r«  girea  r^fer  to  different  limits  of  tempezalizre,  bat  in  the 
TOAjoritj  vi  cases  between  0^  &nd  10(^  ;  only  in  the  ci^se  of  bronxine  the  specific  heat  is 
taken  ifor  the  :ioIid  >tjite*  at  a  tempenbtore  belov  —  7~\  according  to  RegnAoit's  deter- 
mination. The  cariaiiwiz  c/  the  tpecijic  heat  icith  a  chan*^  of  temprrvtturv  laraxs  a 
Tery  complex  phenomenon,  the  consideration  of  which  I  think  would  here  be  oat  of  place. 
I  will  onlr  cite  certain  n^rures  as  an  example.  According  to  Bystrom,  the  specific  heat  of 
iron  at  0  =  0-1116,  at  10*^  =  0-1114,  at  AX)"  =  0-ll!>J^,  at  300=  =  0^1i«T.  and  at  1400=  = 
•O^iOOl.  Between  these  last  limits  of  temperature  a  change  takes  place  in  iron  (a  spcc- 
taneoas  heating.  nfcaUicence',  as  we  shall  afterwards  see.  For  qoartz  SiO^,  Pioncbon 
gives  Q  =  0*1737  -  3^f  10-*  -  :i^7t^0-*  up  to  400^  :  consequently,  as  a  rule,  the  specific 
heat  varies  with  the  temperature.  Still  more  remarkable  are  H.  E.  Weber's  ob«ervatioas 
on  the  great  variation  of  the  specLtic  heat  of  charvroal,  the  diamond  and  boron : 


Wood  charcoal 

Diamond 

Boron 


0 
0-15 
010 
0-42 


l'V= 
Lk-liJ 

0-:il^ 


400^ 
0~±> 
0-±i 
0-3^ 


60O-' 
0-44 

0-44 


*wo= 

0-46 
0-45 


Th«?;ie  determln.ati«3ns  they  have  been  verined  by  IVwar'  are  of  especial  importance  as 
coniirtiLing  the  universality  ot  Dulong  and  Petit's  law.  because  the  elements  mentif?z:ed 
ab«.''ve  form.  *;.\cepcions  to  the  general  mie  when  the  mean  specific  heat  for  temperatures 
betwe«en  0"-  and  liH.»-  is  taken.  Thus  •.n  the  case  *^}i  the  diamond  the  product  of  Ax  Q 
at  0^  -  1**2,  and  for  boron  =  *i"  t.  But  if  w**  take  the  specidc  heat  towards  which  ther«  is 
evidently  a  tendency  with  a  rise  of  temperature,  then  we  obtain  a  product  apprcMurhing^ 
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metals.  Thus,  for  instance,  the  specific  heats  of  Uthium,  sodium,  and 
potassium  convince  one  of  the  fact  that  their  atomic  weights  are 
indeed  those  which  we  took,  because  by  multiplying  the  specific  heats 
found  by  experiment  by  the  corresponding  atomic  weights  we  obtain 
the  following  figures:  Li,  6*59,  Na,  6*75  and  K,  6*47.  Of  the 
alkaline  earth  metals  the  specific  heats  have  been  determined  :  of  mag- 
nesium=0'245  (Regnault  and  Kopp),  of  calcium^O-170  (Bunsen),  and 
of  barium =0*05  (Mendel^eff).  If  the  same  composition  be  ascribed  to 
the  compounds  of  magnesium  as  to  the  corresponding  compounds  of 
potassium,  then  the  equivalent  of  magnesium  will  be  equal  to  12.  On 
multiplying  this  atomic  weight  by  the  specific  heat  of  magnesium,  we 
obtain  a  figure  2*94,  which  is  half  that  which  is  given  by  the  other 
elements,  and  therefore  the  atomic  weight  of  magnesium  must  be  taken 
as  equal  to  24  and  not  to  12.  Then  the  atomic  heat  of  magnesium= 
24x0-245=5'9  ;  for  calcium,  giving  its  compounds  a  composition 
CaX2 — for  example  CaCl2,  CaS04,  CaO  (Ca=40) — we  obtain  an  atomic 
heat=40x0-17=6-8,  and  for  barium  it  is  equal  to  137  x0-05=6-8; 
that  is,  they  must  be  counted  as  bivalent,  or  that  their  atom  replaces 
H.2,  Na2,  or  Kj.  This  conclusion  may  be  confirmed  by  a  method  of 
analogy,  as  we  shall  afterwards  see.  A  strict  application  of  the  prin- 
ciple of  specific  heats  to  the  determination  of  the  magnitudes  of  the 
Atomic  weights  of  those  metals,  the  magnitude  of  whose  atomic  weights 

to  6  an  with  other  elements.  Thus  with  the  diamond  and  charcoal,  it  is  evident  that  the 
specific  heat  tends  towards  0'47,  which  multiplied  by  12  gives  5-0,  the  same  as  for  mag- 
nesium and  aluminium.  I  may  here  turn  the  reader's  attention  to  the  fact  that  for 
solid  elements  having  a  small  atomic  weight,  the  specific  heat  varies  considerably  if  we 
take  the  average  figures  for  temperatures  0°  to  100^ : 


Li  =  7 

Be  =  9 

B=ll 

C  =  12 

Q  =    0i)4 

0-42 

0-24 

0-20 

AQ  =    «-6 

3-8 

2-6 

2*4 

It  is  therefore  clear  that  the  specific  heat  of  beryllium  determined  at  a  low  temperature 
cannot  serve  for  establishing  its  atomicity.  On  the  other  hand,  the  low  atomic  heat  of 
charcoal,  graphite,  and  the  diamond,  boron,  &c.,  may  perhaps  depend  on  the  complexity 
of  the  molecules  of  these  elements.  The  necessity  for  acknowledging  a  great  complexity 
of  the  molecules  of  carbon  was  explained  in  Chapter  VIII.  In  the  case  of  sulphur  the 
molecule  contains  at  least  S^  and  its  atomic  heat  =  82  x  0'168  =  5*22,  which  is  distinctly 
below  the  normal.  If  a  great  number  of  atoms  of  carbon  are  gathered  together  in  the 
molecule  of  charcoal,  this  would  to  a  certain  extent  account  for  its  comparatively  small 
atomic  heat.  With  rt^pect  to  the  specific  heat  of  compounds  it  will  not  be  out  of  place 
to  hero  mention  the  conclusion  arrived  at  by  Koi)i>,  that  the  molecular  heat  (that  is,  the 
protluct  of  MQ)  may  be  looked  on  as  the  sum  of  the  atomic  heats  of  its  component 
elements ;  but  as  this  rule  in  not  a  general  one,  and  can  only  be  applied  to  an  approxi- 
mate judgment  of  the  specific  heats  of  substances,  I  do  not  think  it  necessary  to  go  into 
the  details  of  the  conclusions  described  in  Liebig's  '  Annalen  Supplement-Band,'  1864  ; 
which  includes  a  number  of  determinations  made  by  Kopp. 
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could  not  l>e  determined  according  to  Avogadro-Gerhardt's  law,  was 
made  about  L'^GO  by  the  Italian  professor  Cannizzaro. 

Exactly  the  same  conclusions  respecting  the  bivalence  of  magnesium 
and  its  analogues  are  obtained  by  comparing  the  specific  heats  of  their 
compounds,  es|>ecially  of  the  halogen  compounds  as  the  most  simple,  with 
the  specific  heats  of  the  corresponding  alkali  compounds.  Thus,  for  in- 
stance, the  specific  heat  of  magnesium  and  calcium  chlorides,  MgCl2  and 
CaClj,  equal  01 94  and  0*164,  and  of  sodium  and  potassium  chlorides, 
NaCl  and  KCl,  0-214  and  0*1 72,  and  therefore  their  molecular  heats  (or 
the  pro<lucts  QM,  where  M  is  the  weight  of  the  molecule)  are  18*4  and 
18*2,  12-5  and  12*8,  and  therefore  the  atomic  heats  (or  the  quotient  of 
QM  by  the  number  of  atoms)  are  all  nearly  6,  as  with  the  elements. 
Whilst  if,  instead  of  the  actual  atomic  weights  Mg=24  and  Ca=40, 
their  eciuivalents  12  and  20  be  taken,  then  the  atomic  heats  of  the 
chlorides  of  magnesium  and  calcium  would  be  about  4*6,  whilst  those  of 
potassium  and  sodium  chlorides  are  about  6*3.* 

As  the  specific  heat  or  the  amount  of  heat  required  to  raise  the 
temperature  of  a  unit  of  weight  one  degree  ^  is  a  complex  quantity — 

*  It  mubt  be  remarked  that  in  the  case  of  oxyj^eii  (hydrogen  and  carbon)  conipounds 
tlie  quotient  of  MQ  ii,  where  w  is  the  number  of  atoms  in  the  molecule,  is  always  lea* 
than  6  for  solids;  for  example,  in  the  case  of  MgO  =  50,  CuO=  5'1,  MnOo  =  4'6,  ice 
(Q  =  0"504)  =  8,  SiO^  ==  35,  &c.  At  present  it  is  impossible  to  say  whether  this  depends 
on  the  smaller  specific  heat  of  the  atoms  of  oxygen  in  its  solid  compounds  (Kopp,  Note  4) 
or  on  some  other  reason  ;  but,  nevertheless,  taking  into  account  this  decrease,  depending 
on  the  presence  of  oxygen,  a  reflection  of  the  atomicity  of  the  elements  may  to  a  certain 
extent  be  seen  in  the  specific  heat  of  the  oxides.  Thus  in  the  case  of  alumina,  A1>0- 
(Q  =  0-217),  MQ  =  22-3.  and  therefore  the  quotient  MQ//i  =  4'5,  which  is  nearly  that 
given  by  magnesium  oxide,  MgO.  But  if  we  ascribe  the  same  composition  to  alumina  as 
to  magnesia — that  i<,  if  aluminium  were  counted  as  divalent — we  should  obtain  the  figure- 
8*7,  which  is  much  less.  In  general,  in  conn^unds  of  identical  atomic  composition 
and  of  analogous  chemical  properties  the  molecular  heats  MQ  are  nearly  equal,  as 
many  investigators  have  long  remarked.  For  example,  ZnS  —  11"7  and  HgS  =  11'8; 
MgSO^-270  and  ZnSOj  =  280,  iVrc. 

®  If  W  be  the  amount  of  heat  contained  in  a  mass  m  of  a  substance  at  a  temperature 
/,  and  (l\y  the  amount  expended  in  heating  it  from  ^  to  ^  +  dt,  then  the  sj^cific  heat 
Q  =  r/\V  i)ii  X  dt).  The  specific  heat  not  only  varies  with  the  comi>osition  and  complexity 
of  the  mokuules  of  a  substance,  but  also  with  the  temperature,  pressure,  and  physical 
state  of  a  substance.  Even  for  gases  the  variation  of  Q  with  ^  is  to  bo  observed.  Thus 
it  is  seen  from  the  experiments  of  Regnault  and  Wiedemann  that  the  specific  heat  of 
carbonic  anhydride  at  0^  =  019,  at  100^  =  022,  and  at  200^  =  0-24.  But  the  variation  of 
the  sj)ocific  lieat  of  permanent  gases  with  the  temperature  is,  as  far  as  we  know,  very  in- 
considerable. Therefore  the  specific  heat  of  those  permanent  gases  which  contain  two 
atoms  in  tlie  molecule  (H.,,  O-^,  N..,  CO,  and  NO)  may  be,  as  is  shown  by  experiment, 
taken  as  not  varying  with  the  temperature.  The  constancy  of  the  specific  heat  of  iK'rfect 
gases  forms  one  of  the  fundamental  propositions  of  the  whole  theory  of  heat,  and  sup- 
ports the  determination  of  temperatures  by  means  of  gas-thermometers  containing 
hydrogen,  nitrogen,  or  air.  Le  Chatelier  (lSH7),  on  the  basis  of  existing  det<«rniinations, 
concludes  tiiat  the  molecular  heat — that  is,  the  product  MQ — of  all  gases  varies  in  pro^wr- 
tion  to  the  temperature,  and  tends  to  become  ec^ual  ( =  (V8)  at  the  temperature  of  absolute 
zero  (that  is,  at  —278^) ;  and  therefore  MQ  =  C«  +  a  (273  +  0,  where  a  is  a  constant  quantity 
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including  not  only  the  inoreose  of  the  energy  of  a  substance  with  its 
lise  in  temperature,  but  also  the  external  work  of  expansion^  and  the 

which  increaies  with  the  oompUxit)'  of  the  gnBeons  malecnte.  The  ningaltudfl  lOOOa  for 
Hrmiuniiii=a'll,  for  chloric  uilirdri(le=T'4S.  tor  ethjteoe,  CjHt^ld*?,  for  chloTOlnrm. 
C'KCli^aS'B,  &c.  Forpennuieutgasean^O,  mid  HQ^ 0-8— thai  is.  Che  atomic  he>t  (if 
the  molecule  coaUitm  two  atiOn»)-S-4,  m  it  is  in  re&litj-.  As  regards  liij aids  (u  wellna  Ihe 
vuponn  formed  by  tbem),  the  ipecifio  heat  alwayn  riaes  with  the  tempunitare :  Thus  loc 
benzene,  it  eqnalaO-B8-f  0-0014/.  R.  SchiS  (1)W7)  showed  that  the  TariatioD  of  the  Bpeeiflu 
heat  ol  miuiy  organic  liiguida  is  proportional  to  the  change  of  temperature  (m  in  tlie  eaau 
of  gaaes,  acoordiDg  to  Le  Chatelierf,  and  reduced  these  variationi  into  dependence  with 
Iheir  wmpOBition  and  absolute  boiling  point.  It  is  very  probable  Ibat  the  theory  uC 
liquids  will  uiake  use  of  these  simple  relutioue,  which  recall  the  simplicity  of  the  varin- 
tiuu  of  the  Hpecifiv  gravity  (Chnp.  U.  Mute  Si),  coheeioD,  and  other  properties  of  Hqnida 
with  the  temperature.  They  are  all  expressed  by  the  liuear  function  of  the  temperature, 
II  >  hi,  witl>  the  eauiH  degree  of  proximity  as  the  property  of  gases  is  expressed  by  the 
equation  jiv  =  Rt. 

Aa  regards  the  relation  between  the  HpeciSo  heatu  of  Iiqnid«  (of  solids)  and  of  their 
i-aponn,  the  »peciHc  heat  of  the  raiiuur  (and  alw  of  the  soUiJ)  is  always  leea  than 
that  at  the  liquid.  For  eiaraple,  henzeue  lapourO-M,  liquid  O'BB;  chloroform  vapour  O'lB, 
liquid  0-M8;  ateam  0-47B,  liquid  water  Ml.  But  the  whole  complexity  of  the  relation* 
exiHtuig  in  >;]>ecific  heat  is  aesn  from  the  tact  that  the  specific  heat  of  iae»0'6a3  is  leas 
tluiu  that  of  liquid  water.  Accordiu);  to  Regnault,  in  the  eaee  of  bromine  the  speukfic 
heatof  thevaponc  =  0-l)S6  (at  160^),  of  the  liquid  =  0'll)7  (at  30^),  aud  of  aolid  broniiiie 
=  0-084  (at  -16").  The  specific  heat  of  solid  beuwic  acid  (according  to  experiment  and 
calculation.  Hess  1888)  between  0'  and  100'  is  O'Sl,  and  of  liquid  benxoic  acid  0-SO.  One 
of  (he  probleuiB  of  the  preaent  day  is  the  explanatiou  of  those  complex  relations  whieb 
exist  between  the  oomposition  andsoch  propertiea  ae  specific  heat,  latent  heat,  expansion 
by  heat,  compression,  internal  friction,  cohesiou,  and  other  like  pro[iertieB.  They  can 
only  be  oonnected  by  a  complete  theory  of  liquids,  which  may  now  soon  he  eipeoled, 
more  especially  as  many  sides  of  the  subject  hare  already  been  partially  explained. 

'  According  to  the  above  reasons  (lie  quantity  of  heat,  Q,  required  to  raise  tile  tem- 
[HU-atore  of  one  part  by  weight  of  a  substance  by  one  degree  may  be  expressed  by  the 
sum  QaK  fB-i-U,  where  K  is  the  heat  actually  expended  in  heating  the  substance,  or 
that  nhii^  is  termed  the  absolute  specific  heat,  D  the  amount  of  heat  exgnnded  in  the 
internal  work  accomplished  with  the  rise  of  temperature,  and  D  the  amount  of  heat  ei- 
I'eudad  in  external  work.  In  the  ca»  of  gases  the  Ust  quantity  may  be  eaaily  deter* 
mined,  knowing  their  coefficient  of  eipimsion,  which  is  approximately  -  OOUSM.  By 
iipplying  to  this  oase  the  same  argument  given  at  the  end  of  Note  11,  Chap  L,  we  find 
that  one  cubic  metre  at  a  gas  heated  by  1°  produces  an  external  work  of  KiHtIB  ■  OUUSW, 
«r  SH-IM  kilogranunetreB,  on  which  SB'Oa  434  or  0-0807  beat  uniu  are  expended.  This  is 
the  heat  expended  for  the  external  work  produced  by  one  cubic  metre  of  a  gas,  but  the 
specific  beat  refers  to  nnits  Ol  wel^t,  and  therefore  it  is  necessary  in  order  to  know  D 
to  reduce  the  above  quanUty  to  a  anit  ol  weight.  One  onbiu  melm  of  hydrogon  at  0^ 
and  TOO  mm.  pressure  weighs  O-OMW  kilo,  a  gas  ot  molecuUr  weight  M  has  a  doiuity 
Sl/a,  consequently  a  cuUc  metre  weighs  (at  0''  and  700  mm.)  O'lHtSlS  kilo,  and  (heretore 
1  kilogram  ot  the  gas  oocupieea  volume  1,0'044SM  cubic  metres,  and  lience  the  external 
workD  in  the  heating  ot  1  kilo,  of  the  given  gas  by  l°^0'080ejO'04«8M,  ot  D^3/M. 

Taking  the  magnitude  of  the  internal  work  B  lor  gases  aa  minute  if  perinaneDt  gawa 
jire  taken,  and  therefore  snpposing  B^O,  we  find  the  speciHc  heat  of  gases  at  aounalant 
pr»>sareQ==K  +  a.H,  where  K  is  the  specific  heat  at  a  constant  volume,  id- the  tros 
specific  heat,  and  H  the  molecular  Hei^t.  Hence  K^g-a^M.  The  uia«nitDde  ot  the 
si>ecific  heat  Q  is  given  by  direct  ex|ieriment.  According  to  BegnaulC*  experiments,  for 
oiygen  tI«0-aiTa,  tor  hydrogen  U-405,  lor  nitrogen  O-atau;  the  molecular  weighu  of  Chc>.e 
tntses  are  8il,3,  and  98,  and  therefore  lor  hydrogeuK^O'94SB-0'0714oO'lT24.  These  true 
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internal  work  accomplialied  in  tite  molecules  inciting  them  to  decoDi- 
position  according  to  the  rise  of  temperature  *— thei-efore  it  is  iupos- 

specific  llekts  of  eluaimta  are  in  iiirerBU  jiToportion  to  their  atomio  weights— ^tluit  is,  their 
pTOdncb  bg  Ihe  nlJiiuic  weight  is  «.  cnnBtnnt  (gaiuidt;.  In  reality,  for  oxygen  this  product 
=0-lG5>iIfl'-9-48,  tor  hrdmgenS-lO.tor  nitrogen  0-7734x11^9-114,  aod  Iherefom  if  S 
etuid  lorllie  nUmic  weight  we  ubtain  the  eipteBBinu  KkA^  n  cunHbut,  wliiolmia*  W 
coanted  anS'lR;  lUiil  thin  ih  the  troe  Hxpressinti  of  Dnlong  tad  Petit'*  Inw,  betsjua  E  i« 
the  true  a)H?cjGc  heat  Hud  A  tlie  weight  of  the  atom.  It  ahonld  he  reinu-ked,  moremer, 
that  the  giroduot  of  the  obserred  iipeciflc  beat  Q  into  A  is  tiiia  a  euiiHtiuit  qmuititj  (for 
oij^fm  -  3-4H,  for  hjdrngen  — S-IO),  becuDse  the  exteran!  work  D  m  also  inversely  proptnv 
tiDD4l  to  the  m&gnitude  of  tJie  atomic  weight. 

In  the  vAae  of  gHftea  we  distinguish  the  epecifie  heat  at  a  cnofltiijit  preaeare  c'  (we 
deiigiiated  ttiiK  quantity  abore  by  Q),  lUid  at  a  uanetant  tolame  c.  Il  ia  erident  thai 
the  rnlttlion  beltsienn  both  tpecific  heals,  k.  jnilging  from  the  aliove,  le  the  ratio  of  Q 
to  K,  or  equal  to  the  ratio  of  a-4fin  +  a  to  S'lGx.  Wheun^l  this  ratio  i - 1'8 ;  irlieii 
n~S  t^^ri,  when  tt  —  S  it-1'3,  and  with  an  exceedingly  huge  numlier,  m,  of  atoms  in  the 
inaleonle,  jt=  ].  That  ia,  the  ratio  between  the  apeeifiu  heate  decreases  from  1-a  to  I-O  aa 
the  nnnibiir  ut  ntoms,  n,  contained  in  the  aiolecule  inoreiueB.  This  dedaution  is  vecified 
to  a  certain  exteut  by  direct  experiment.  For  unch  gaaea  as  hydrogen,  nkygen,  nitrogen, 
carbonic  oxide,  air.  and  others  in  which  n=3,  the  magnitnde  of  k  is  dgtermined  hj 
metJiods  described  in  physics  (for  example,  by  the  change  of  temperature  witli  ui  alten^ 
lion  of  pressure,  by  the  velocity  of  eannd,  Ac],  and  is  foiuid  in  reality  to  be  nearly  1% 
and  for  snch  gases  as  curbonic  anhydride,  nitric  peroxide,  mid  others  it  is  nearly  I'S, 
Kmidt  and  Warbarg  (1S7G),  by  means  of  the  appToxinuile  method  nienliaueil  on  p.  831, 
determined  i  tor  merout;  vapour  wheii  n=l,  and  found  it  to  be  '^IdT — that  is,  ■  larger 
ijuantity  tlian  for  air,  as  would  be  expected  from  the  above. 

It  may  be  admitted  that  the  true  atomic  heat  of  gawa  —  S'48,  only  oudei  lb«  eondilion 
that  they  are  distant  from  a  liquid  state,  and  do  not  undergo  a  chemieal  chougo  vben 
heated — that  is,  when  no  internal  work  is  prol!uct^d  in  theiu  |Bnll),  Tberefore  Uiia 
work  may  to  a  certain  extent  \ie  jndged  by  the  obeerved  specific  heat.  Thus,  foriuatance. 
fnr  chlorine  ((j'^0-13,  Regnanlt:  i'l'Bll,  acoordingtoStntker  and  Martin,  and  tberofoEB 
K<:0'OU,  MK-e'i),  the  atomic  heat  (S-S)  is  much  greater  than  lor  other 


a  molecule,  and  one  must  consider,  therefore,  that  when  heated  hi 


npinion.  And  as  in  the  wme  of  such  gi^ea  as  ethylene,  C'aH,  (Q— 0-BB),  Hccordiiig  to 
"Wiedemann  k^VX  K-a-S3,  MK-9'9  ;  heaoe  the  true  atomic  beat  is  less  Lhaii  for  onn- 
stantgasea  i^l'G.  Therefore  the  question  as  to  the  relation  between  the  speoific  heats  ot 
gnaea  and  the  number  of  atoms  and  compaeition  cannot  be  uimnted  as  anfBcieiillj 
geueral  if  we  do  nut  consider  Le  Chatelier's  deduction  (Note  B)  as  proved  by  the  ksbo- 
eiatiou  of  data.  If  the  latlerlbe  verified,  then  it  will  have  to  be  admitted  thai  DiUoni; 
aud  Petit's  law  is  not  applicable  to  any  gases  besides  those  which  are  permanent  and 
possess  a  comparatively  low  molecular  weight.  The  question  might  be  solved  by  deter- 
mining the  specific  heat  ot  mercury  vapour  at  diOerent  tomiieraturea,  but  aa  yet  tbeie 
are  no  exact  methods  of  doing  this. 

All  the  more  remarkable  is  the  adaptttbility  of  Dulong  and  Petit's  law  to  the  ■nnun  ot 
the  common  elements  in  a  solid  slate.  In  order  to  generalise  the  fads  ooncerning  the 
specific  heat  of  gases  and  solids,  it  appears  to  me  possible  to  aioept  the  following  geQeikl 
propoaiUon :  the  atomia  heal  (that  is,  AQ  or  QM/'i,  where  M  la  the  molecQlar  irai^ 
and  »  the  number  of  maleculea)  is  lem  (gntaleit  for  Bolids,  H'ti ;  for  gaaes,  B'4)  Ike  man 
eompUa  the  tnoUcult  (that  ii,  the  gnaler  Ike  nu^nber  (n)  of  the  atom*  forming  iQ, 
anil  to  a  co-lain  fxlent  (with  similar  physical  states  ot  mbatsnoes)  the  Itu  tha  Mian 
(M/«)  weight  o/Ihe  atom. 

*  For  an  oiample.  it  is  enough  to  point  out  the  speciSe  heat  of  nitrogen  totri 
N,04,  which,  when  heated,  gradually  passes  into  NOa— that  is,  ohemjcol  work  of  di 
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sible  to  expect  in  the  magnitude  of  the  specific  heat  the  great 
simplicity  of  relation  to  composition  which  we  see,  for  instance,  in  the 
density  of  gaseous  substances.  Therefore,  although  the  specific  heat 
gives  one  of  the  important  means  of  judging  the  atomicity  of  the 
elements,  still  the  mainstay  for  a  true  judgment  of  atomicity  is  only 
given  by  Avogadro-Gerhardt's  law.  All  other  means  can  only  be 
accessory  or  preliminary,  until  it  be  possible  to  have  direct  recourse  to 
the  determination  of  the  vapour  density. 

Among  the  bivalent  metals  the  first  place,  with  respect  to  their 
distribution  in  nature,  is  occupied  by  magnesium  and  calcium^  just  as 
sodium  and  potassium  stand  first  amongst  the  univalent  metals.  The 
relation  which  exists  between  the  atomic  weights  of  these  four  metals 
confirms  the  above  comparison.  In  fact,  the  combining  weight  of 
magnesium  is  equal  to  24,  and  of  calcium  40 ;  whilst  the  combining 
weights  of  sodium  and  potassium  are  23  and  39 — that  is,  the  latter 
are  one  unit  less  than  the  former.^  They  all  belong  to  the  num)>er 
of  light  metals,  as  they  have  but  a  small  specific  gravity,  in  which 
they  differ  from  the  ordinary,  generally  known  heavy,  or  ore,  metals 
(for  instance,  iron,  copper,  silver,  and  lead),  which  are  distinguished  by 
a  much  greater  specific  gravity.  There  is  no  doubt  that  their  low 
specific  gravity  has  a  significance,  not  only  as  a  simple  point  of  dis- 
tinction, but  also  as  a  property  which  determines  tlie  fundamental 
properties  of  these*  metals.  Indeeil,  all  the  light  metjils  have  a  series 
of  points  of  resemblance  which  approximates  them  to  the  metals  of 
the  alkalis  ;   thus  both  magnesium  and  calcium,  like  the  metals  of  the 


position  proceeds,  whidi  couHumes  heat.  Speaking  generally,  *ipr«:ilie  heat  is  a  complex 
quantity,  in  which  it  is  clear  that  thermal  data  (for  instance,  the  heat  of  rea<'ti<m)  alone 
cannot  jjive  an  idea  either  of  chemical  or  of  physical  changes  individually,  but  always 
depend  on  an  as^tociation  of  the  one  and  the  other.  If  a  substance  be  heat«d  from  <o 
to  t,  it  cannot  but  suffer  a  chemical  change  (that  is,  the  state  of  the  atoms  in  the  mole- 
cules changes  more  or  less  in  one  way  or  another)  if  dissociation  sets  in  at  a  temper- 
uture  ty.  Even  in  the  case  of  the  elements  whoso  molecules  contain  only  one  atom, 
a  true  chemical  chanj^e  is  possible  with  a  rise  of  temperature,  because  more  heat  is 
evolved  in  chemical  reactions  than  that  quantity  which  participates  in  purely  physical 
changes.  One  gram  of  hydrogen  (specific  heat«a8'4  at  a  constant  pressure)  cooled  to  the 
temperature  of  absolute?  zero  will  evolve  altogether  about  one  thousand  units  of  heat,  ft 
grams  of  oxygen  half  this  amount,  whilst  in  combining  together  they  evolve  in  the 
formation  of  II  graniK  of  water  more  than  thirty  times  as  much  heat.  Hence  the  store 
of  chemical  energy  (that  is,  of  the  movement  of  the  atoms,  vortex,  or  other)  is  much 
greater  than  the  physical  store  proper  to  the  molecules,  but  it  is  the  change  accomplished 
by  this  Kt'f)re  that  is  the  cause  of  chemical  transformations.  Here  we  evidently  touch  on 
those  limits  of  existing  knowledge  beyond  which  the  discipline  of  science  does  not  yet 
allow  us  to  pass.  A  numl)er  of  new  scientific  conquests  are  necessar>'  before  this  can 
become  |)Ossible. 

^  As   if  NaH  =  Mg   and  KH  =  Ca,  which  is  in  accordance  with  their  valency,  KH 
including  two  monovalent  elements  is  a  biralent  group  like  Ca. 
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alkalis,  decompose  water  (without  the  addition  of  acids),  although  not 
so  easily  as  the  latter  metals.  The  process  of  the  decomposition  is 
essentially  one  and  the  same ;  for  example,  Ca  +  2H20=CaH202 +Hj — 
that  is,  hydrogen  is  liberated  and  a  hydroxide  of  the  metal  formed. 
These  hydroxides  are  Imses  which  saturate  nearly  all  acids.  How- 
ever, the  hydroxides  RH2O2  of  calcium  and  magnesium  are  in  no 
respects  so  energetic  as  the  hydroxides  of  the  true  metals  of  the 
alkalis  ;  thus  when  heated  they  lose  water,  are  not  so  soluble,  develop 
less  heat  with  acids,  and  form  various  salts,  which  are  less  stable 
and  more  easily  decomposed  by  heat  than  the  corresponding  salts 
of  sodium  and  potassium.  Thus  calcium  and  magnesium  carbonates 
easily  pai*t  with  carbonic  anhydride  when  ignited  ;  the  nitrates  are 
also  very  easily  decomposed  by  heat,  calcium  and  magnesium  oxides, 
CaO  and  MgO,  being  left  behind.  The  chlorides  of  magnesium 
and  calcium,  when  heated  with  water,  e^'olve  hydrogen  chloride, 
forming  the  coiTesponding  hydroxides,  and  when  ignited  the  oxide 
itself.  All  these  points  already  evince  a  weakening  of  the  alkaline 
properties. 

These  metals  have  been  termed  the  metals  of  the  alkaline  eartltii, 
because  they,  like  the  alkali  metals,  fonn  energetic  bases.  They  are 
called  alkaline  earths  because  they  are  met  with  in  nature  in  a  state  of 
combination,  fonning  the  insoluble  mass  of  the  earth,  and  l)ecause  as 
oxides,  RO,  they  themselves  have  an  earthy  appearance.  Not  a  few 
salts  are  known  of  these  metals  which  are  insoluble  in  water,  whilst 
th(?  corrosponding  salts  of  the  alkali  metals  are  genei*ally  soluble — for 
exami)le,  the  carbonates,  phosphates,  borates,  and  other  salts  of  the 
alkaline  earth  metals  are  nearly  insoluble.  This  serves  to  distinguish 
the  metals  of  the  alkaline  earths  from  the  metals  of  the  alkalis.  For 
this  purpose  a  solution  of  ammonium  carbonate  is  added  to  a  mixed 
solution  of  salts  of  both  metals,  when  by  a  double  decomposition  the 
insoluble  carbonates  of  the  metals  of  the  alkaline  earths  are  formed 
and  pass  into  a  precipitate,  whilst  the  metals  of  the  alkalis  remain  in 
solution  :  RX.,  4  Na2C03  =  RC03  +  2NaX. 

We  may  here  remark  that  the  oxides  of  the  metals  of  the  alkaline 
earths  are  frequently  called  by  special  names  :  MgO  is  calle<l  magnesia 
or  bitter  earth  ;  CaO,  lime  ;  SrO,  strontia  ;  and  BaO,  baryta. 

In  the  primary  rocks  the  oxides  of  calcium  and  magnesium  ai-e 
combine<l  with  silica,  sometimes  in  variable  quantities,  so  that  in  some 
cases  the  lime  predominates  and  in  other  cases  the  magnesium.  Both 
oxides,  being  analogous  to  each  other,  replace  each  other  in  equivalent 
quantities.  The  various  forms  of  augite,  Jiornblende  or  amphibole,  and 
of  similar  minerals,  which  enter  into  the  composition  of  nearly  all  rocks. 
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contain  lime  and  magnesia  and  silica.  The  majority  of  the  primary 
rocks  also  contain  alumina,  potash,  and  sotta.  These  rocks,  under 
the  ai'tion  of  water  (containing  carbonit.'  ncid)  and  air,  give  up  lime 
and  magnesia  to  the  water,  and  therefore  they  are  contained  in  all 
kinds  of  watei',  and  especially  sea  water.  J'lie  carlionnies,  CaCOj  and 
MgCOj,  frequently  met  with  in  nature,  arf  soluble  in  an  taxnua  of 
viater  saturated  teith  carhoiiic  anhydrid'-,^''  and  therefore  many  natural 
waters  contain  these  salts,  and  are  able  to  yield  them  wlien  evaporated. 
However,  one  kilogram  of  water  saturated  with  carbonic  anhydnde 
does  not  dissolve  more  thuii  three  grama  of  calcium  carbonate.  By 
gradually  expelliug  the  carbonic  anhydride  from  such  water,  an  in- 
soluble precipitate  of  calcium  carbonate  separates  out.  It  may  conji- 
dently  be  stated  that  the  formation  of  the  very  widely  distributed 
strata  of  calcium  and  magnesium  carbonates  was  of  this  nature,  because 
these  strata  are  of  a  sedimentaiy  character — that  is,  that  which  would 
be  exhibited  by  a  gradually  accumulating  deposit  on  the  bottom  of 
the  sea.  Furthermore,  the  remains  of  sen  organisms,  plants,  ferns, 
iiC;  are  frequently  found  amongst  these  deposits.  These  deposits  of 
«alcium  and  magnesium  carbonates  are  the  most  important  sources  of 
theee  metals.  Lime  generally  predominates,  because  it  is  present  in 
rocks  and  stream  water  in  greater  quantity  than  magnesia,  and  in  this 
cose  tliese  sedimentary  rocks  are  termed  limestone.  Some  common  flag- 
stones used  for  paving,  itc,  and  chalk  may  be  taken  as  examples  of  this 
kind  of  forniatiou.  Those  limestones  in  which  a  considerable  portion 
of  the  calcium  is  replaced  by  magnesium  are  termed  floJouiitm,  The 
dolomites  are  distinguished  by  their  hardness,  and  by  their  not  parting 
with  the  whole  of  their  carbonic  anhydride  so  easily  as  Itie  limestones 
under  the  action  of  acids.  Dolomites"  sometimes  contain  an  equal 
number  of  molecules  of  calcium  carbonate  and  magnesium  carbonat«, 
and  they  also  sometimes  appear  in  a  crystalline  form,  which  is  easily 
understood,  because  calcium  carbonate  itself  is  exceedingly  common  in 
this  form  in  nature,  and  is  then  known  as  cole  spar,  whilst  natural 

,  '"  Sodium  cBxboiute  tnd  other  ckTbonfttos  ot  the  kUuUb  give  u:id  nalU  which  nn  lea 
■oinble  tbui  the  normal ;  here,  aa  the  oontnuy,  with  an  eiceta  of  carbonic  anhydride,  a, 
Bolt  is  (unRed  which  is  more  lolnhle  than  the  iiocnui!,  bnt  thin  udd  tiolt  i«  mare  unatabU 
Uun  Bodiom  hydrogen  mrbonate,  NuHCOj. 

>>  The  locmation  ot  dolomite  may  be  eiplained,  ii  only  we  imigiiie  that  a  wilntion  of 
a  magnVMiuii  salt  acta  on  calcium  carbonate.  liIa4{neBiani  carbonnte  may  Iv  (onned  by 
doable  deoompogition,  and  it  mast  be  supposed  thai  this  juvcess  in  able  kJ  ceaM  a4  a 
certain  limit  (Chapter  Xn.),  when  we  aliall  obtain  a  mixture  of  the  carbonateH  ot  oalcimn 
And  mneneaiom.  Haitio^r  heated  a  mixture  ot  calcinm  carbonate.  CaCOj,  with  a  ftoln- 
tioD  of  an  equiTatent  quantity  of  magneaium  snlphale,  HgSO,,  in  a  pIo^ih!  tuba  at  DOO^, 
and  then  a  itortion  ot  the  magnesia  octuallj  passed  into  the  state  ot  JuagneHinin  car- 
bonate, MgCOs,  and  a  (loition  of  the  lime  wo*  cooierled  into  gypaam,  ChBO,. 
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crystalline  magnesium  carbonate  is  termed  magnente.    The  formaticm 
of  the  crystalline  varieties  of  the  insoluble  carbonates  is  explained  by 
the  possibility  of  a  -slow  deposition  from  solutions  containing  carbonic 
acid.    Besides  which  the  calcium  and  magnesium  sulphates  are  obtained 
from  sea  water,  and  therefore  they  are  met  with  both  as  deposits  and 
in  springs.    It  must  be  observed  that  magnesium  is  held  in  considerable 
quantities  in  sea  water,  because  the  sulphate  and  chloride  of  magne- 
sium are  very  soluble  in  water,  whilst  calcium  sulphate  is  but  little 
soluble ;    and  therefore  if   the  occurrence  of  considerable  deposits  of 
magnesium  sulphate  cannot  be  expected  in  nature,  still,  on  the  other 
hand,  one  would  expect  (and  they  do  actually  occur)  large  masses  of 
calcium  sulphate  or  gyp»um^  CaS04,2H20.     Gypsum  sometimes  forms 
strata  of  immense  size,  which  extend  over  many  tens  of  kilometres — 
for  example,  in  Russia  on  the  Volga,  and  in  the  Donetz  and  Baltic 
provinces. 

Lime  and  magnesia  also,  but  in  much  smaller  quantities  (often  to 
the  amount  of  several  fractions  of  a  per  cent,  and  rarely  more),  enter 
iiito  the  coin  position  of  every  fertile  soil,  and  without  these  bases  the 
soil  is  unable  to  support  vegetation.  Lime  is  particularly  important 
in  this  respect,  and  its  presence  in  a  larger  quantity  generally  improves 
the  harvest,  although  purely  calcareous  soils  are  generally  infertile. 
For  this  reason  the  soil  is  fertilised  both  with  lime'^  itself  and  with 
marl — that  is,  with  clay  mixed  with  a  certain  quantity  of  calcium  ca.rbo 
nate,  strata  of  which  are  found  nearly  everywhere. 

From  the  soil  the  lime  and  magnesia  (in  a  smaller  quantity)  pass 
into  the  substance  of  plants^  where  they  occur  as  salts.  Certain  of 
these  salts  separate  in  the  interior  of  plants  in  a  crystalline  form — for 
example,  calcium  oxalate.  The  lime  occurring  in  plants  serves  as  the 
source  for  the  formation  of  the  various  calcareous  secretions  which  are 
so  common  in  ajiimals  of  all  classes.  The  bones  of  the  highest  animal 
orders,  the  shells  of  mollusca,  the  covering  of  the  sea-urchin,  and  similar 
solid  secretions  of  sea  animals,  contain  calcium  salts  ;  namely,  the 
shells  mainly  calcium  carbonate,  and  bones  mainly  calcium  phasphate. 
Certain  limestones  are  almost  entirely  formed  of  such  tleposits. 
Odessa  is  situated  on  a  limesti^ne  of  this  kind,  composed  of  shells. 
Thus  magnesium  and  calcium  occur  throughout  the  entire  realm  of 
nature. 

^*  The  indubitable  action  of  lime  in  increasing  the  fertility  of  soils — if  not  in  every 
case,  at  all  events,  with  ordinary  soils  which  have  long  been  under  corn — is  based  not  so 
much  on  the  re<iuirement8  of  plants  for  the  lime  itself  as  on  those  chemical  and  physical 
changes  whicli  lime  produces  in  the  soil;  particularly  as  a  powerful  base  which  aida 
the  alteration  of  the  mineral  and  organic  elements  of  the  soil. 
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As  lime  and  magnesia  form  bases  which  are  in  many  respects 
analogous,  they  were  not  distinguished  from  each  other  for  a  long 
time.  Magnesia  was  obtained  for  the  first  time  in  the  seventeenth 
century  from  Italy,  and  used  as  a  medicine ;  and  it  was  only  in  the 
last  century  that  Black,  Bergmann,  and  others  distinguished  magnesia 
from  lime. 

Metallic  magnesium  (and  calcium  also)  is  not  obtained  by  heating 
magnesium  oxide  or  the  carbonate  with  charcoal,  as  the  alkali  metals 
are  obtained,*^  but  is  liberated  by  the  action  of  a  galvanic  current 
on  fused  magnesium  chloride  (best  mixed  with  potassium  chloride)  ; 
but  Davy  and  Bussy  first  obtained  metallic  magnesium  by  acting  on 
magnesium  chloride  with  the  vapours  of  potassium.  At  the  present 
time  (Deville's  process)  magnesium  is  prepared  in  rather  consider- 
able quantities  by  a  similar  process,  only  the  potassium  is  replaced  by 
sodium.  Anhydrous  magnesium  chloride,  together  with  sodium  chloride 
and  calcium  fluoride,  is  fused  in  a  closed  crucible.  The  latter  sub- 
stances only  serve  to  facilitate  the  formation  of  a  fusible  mass  before 
and  after  the  reaction,  which  is  indispensable  in  order  to  prevent 
the  access  and  action  of  air.  One  part  of  finely-divided  sodium  to 
five  parts  of  magnesium  chloride  is  thrown  into  the  strongly-heated 
molten  mass,  and  after  stirring  the  reaction  proceeds  very  quickly,  and 
magnesium  separates,  MgCl2  4-Na.2=Mg  +  2NaCl.  In  working  on  a 
large  scale,  the  powdery  metallic  magnesium  is  then  subjected  to  distil- 
lation at  a  white  heat.  The  distillation  of  the  magnesium  is  necessary, 
because  the  undistilled  metal  is  not  homogeneous  '"*  and  bums  unevenly : 
the  metal  is  prepared  for  the  purpose  of   illumination.      Magnesium 

^'*  Sodium  and  x>ottis8iuin  only  decompoBe  mugneHium  oxide  at  a  white  heat  and  very 
feebly,  probably  for  two  reasons.  In  the  first  i)lace,  because  the  reaction  Mg  +  O  deve- 
lops more  heat  (about  140  thousand  calories)  than  K.^  +  O  or  Na2  +  O  (about  100  thousand 
calories) ;  and,  in  the  second  place,  because  magnesia  is  not  fusible  at  the  heat  of  a 
furnace  and  cannot  act  on  the  charcoal,  sodium,  or  potassium — that  is,  it  does  not  pass 
into  that  mobile  state  which  is  ne<'e8sary  for  reaction.  The  first  reason  alone  is  not 
sunicicnt  to  explain  the  absence  cfi  the  reaction  between  charcoal  and  magnesia,  because 
iron  and  fharcoal  in  combining  with  oxygen  evolve  less  heat  than  sodium  or  potassium, 
yet,  nevertheless,  they  can  displace  them.  With  respect  to  magnesium  chloride,  it  acts 
on  sodium  and  potassium,  not  only  because  their  combination  with  chlorine  evolves  more 
heat  than  the  combination  of  chlorine  and  magnesium  (Mg  +  Clj  gives  150  and  NaQ+  CI3 
about  li)5  thousand  calories),  but  also  because  a  fusion,  both  of  the  magnesium  chloride 
and  of  the  double  salt,  takes  x'lace  under  the  action  of  heat.  It  is  probable,  however, 
that  a  reverse  reaction  will  take  place. 

**  Commercial  magnesium  generally  contains  a  certain  amount  of  magnesium  nitride 
(Deville  and  Caron),  Mg-.N^ — that  is,  a  product  of  substitution  of  ammonia  which  is 
directly  formed  when  magnesium  is  heated  in  nitrogen.  It  is  yellowish  green  powder^ 
which  gives  ammonia  and  magnesia  with  water,  and  cyanogen  when  heated  with  carbonic 
anhydride.  Perfectly  pure  magnesium  may  be  obtained  by  the  action  of  a  galvanic 
current. 
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is  a  white  metal,  like  silver ;  it  is  not  soft  like  the  alkali  metals,  but 
is,  on  the  contrary,  hard  like  the  majority  of  the  ordinary  metals. 
This  is  natural  from  the  fact  that  it  melts  at  a  rather  high  tempera- 
ture— namely,  about  500° — and  boils  at  about  1000°.  It  is  malle- 
able and  ductile,  like  the  generality  of  metals,  so  that  it  can  be  drawn 
into  wires  and  rolled  into  ribbon ;  it  is  most  frequently  used  for 
lighting  purposes  in  the  latter  form.  Unlike  the  alkali  metals,  mag- 
nesium does  not  decompose  the  atmospheric  moisture  at  the  ordinary 
temperature,  so  that  it  is  almost  unacted  on  by  air ;  it  is  not  even 
acted  on  by  water  at  the  ordinary  temperature,  so  tliat  it  may  be 
washed  to  free  it  from  sodium  chloride.  Magnesium  only  decomposes 
water  with  the  evolution  of  hydrogen  at  the  boiling  point  of  water,** 
and  especially  at  still  higher  temperatures ;  but  even  this  is  accom- 
plished with  difl&culty.  This  is  explained  by  the  fact  that  in  decom- 
posing water  magnesium  forms  an  insoluble  hydroxide,  MgH^O.^,  which 
covers  the  metal  and  hinders  the  further  action  of  the  water.  Magne- 
sium easily  displaces  hydrogen  from  acids,  forming  magnesium  salts. 
When  ignited  it  hums,  not  only  in  oxygen  but  in  air  (and  even  in 
carbonic  anhydride),  forming  a  white  powder  of  magnesium  oxide,  or 
magnesia  ;  in  burning  it  emits  a  white  and  exceedingly  hriUiant  lighL 
The  strength  of  this  light  naturally  depends  on  the  fact  that  mag- 
nesium (24  parts  by  weight)  in  burning  evolves  about  140  thousand 
heat  units,  and  that  the  product  of  combustion,  MgO,  is  infusible  by 
heat ;  and  therefore  the  vapour  of  the  burning  magnesium  will  contain 
an  ignited  powder  of  iion -volatile  and  infusible  magnesia,  and  will 
consequently  present  all  the  conditions  for  the  production  of  a  brilliant 
light.  The  light  emitted  by  burning  magnesium  contains  many  rays 
which  act  chemically,  and  are  situated  in  the  violet  and  ultra-violet 
parts  of  the  spectnim.  For  this  reason  burning  magnesium  may  be 
employed  for  taking  photographic  images.*^ 

Owing  to  its  great  affinity  for  oxygen,  magnesium  reduces  many 
metals  (zinc,  iron,  bismuth,  antimony,  cadmixmi,  tin,  lead,  copper,  silver, 
and  others)  from  solutions  of  their  salts  at  the  ordinary  temperature,*^ 

^^  Hydrogen  peroxide  (Welsing)  dissolveK  magnesium.    The  reaction  has  not  been 
investigated. 

1^  A  special  form  of  apparatus  is  used  for  burning  magnesium.    It  is  a  dookwotic 
arrangement  in  which  a  cylinder  rotates,  round  which  a  ribbon  or  wire  of  magneilimi  b 
wound.    The  wire  is  subjected  to  a  imiform  unwinding  and  burning  as  the  ejVtDStH 
rotates,  and  in  this  manner  the  combustion  may  continue  uniform  for  a  oortein  ttHl>     U| 
The  same  is  attained  in  special  lamps,  by  causing  a  mixture  of  sand  and  iinely'^ttfUMi:  JB 
magnesium  to  fall  from  a  funnel-shaped  reserv^oir  on  to  the  flame.     In  photogniplqr  ttJiidfl 
best  to  blow  finely-divided  mdgnesium  into  a  colourless  (spirit  or  gas)  flame.  '1^^^ 

^'  According  to  the  o1)Hervation8  of  Maack,  Comaille,  Bottger,  and  othesa    * 
duction  by  heat  mentioned  further  on  was  ][>ointed  out  by  Geuther,  FhipoCB 
and  Gattermann. 
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and  at  a  red  heat  finely -<livided  magnesium  takes  up  the  usygen  from 
silicn,  alumina,  boric  anliyclriile,  >tc.  ;  so  that  silicon  and  eicnilar 
elements  may  be  obtained  by  directly  heating  a  mixture  of  powileroil 
silica  and  magnesium  in  an  infusible  glaas  tube.'^  Magnesium  acts  on 
fused  potassium  and  sodium  hydroxides,  with  an  energetic  evolution  of 
hydrogen. 

The  atlinity  of  magnesium  for  the  halogens  is  much  more  feeble 
than  for  oxygen,'^  as  is  ali-eady  evident  from  the  fact  that  n  solution 
of  iodine  reacts  feebly  on  magnesium  ;  still  niagiieRiuui  burns  in  the 
vfipours  of  iodine,  bromine,  and  chlorine.  The  character  of  magnesium 
is  also  determined  by  the  fact  thnt  all  its  salts,  especially  in  the 
presence  of  wat«r,  are  de<^mposabte  at  &  comparatively  moderate 
temperature,  the  elements  of  the  acid  being  evolved,  and  tlie  magiie- 
eiuni  oxide,  which  is  non-volatile  nnd  unchangeable  by  heat,  remaining 
behind.  This  naturally  refers  to  those  acids  which  are  themselves 
volatilised  by  heat.  Even  magnesium  sulphate  is  completely  decom- 
posed at  the  temperature  at  which  iron  melts,  oxide  of  tuagnetiium 
remaining  behind.  This  decomposition  of  magnesium  salts  by  heat 
proceeds  much  more  easily  than  with  calcium  salts.  For  example, 
magnesium  carbonate  is  totally  deconiposed  at  170°,  uiagiiesium  oxide 
being  left  behind.  This  magtwina,  or  magnesium  oxide,  ia  met  with 
both  in  an  anhydrous  and  hydrated  stat«  in  nalBre  (the  anhydrous 
magnesia  as  the  mineral  pcrieliist,  MgO,  and  the  liydnited  magnesia 
as  lirueile,  MgH^Oj).  Magnesia  is  a  well-known  medicine  (calcined 
magnesia — moffnetia  utia).  It  is  a  white,  exti'emely  fine,  and  very 
\'oluminoua  powder,  of  specific  gravity  3-4  ;  it  is  infugil>le  by  heat,  and 
only  shrinks  or  sinters  in  on  oxyhydrogen  flame.  After  long  contact 
the  anhydrous  magnesia  combines  with  water,  although  very  slowly, 
forming  the  hydroxide  Mg(HO)j,  which,  however,  parts  with  its 
water  with  great  ease  when  heated  even  below  a  red  heat,  and  again 
yields  anhydrous  magnesia.  This  hydroxide  is  obtained  directly  as 
ft  gelatinous  amorphous  Ruhstani-e  when  a  soluble  alkali  is  mixed  with 
a  solution  of  any  magnesium  salt.  MgCl^-(-2KH0  =  Mg(H0),+2KCl. 
This  decomposition  proceeds  to  the  end,  and  nearly  all  the  magnesium 
passes  into  the  precipitate  ;  and  this  clearly  shows  the  almost  perfect 
insolubility  of  magnesia  in  water.      Water  dissolve.t  u  scarcely  pei'' 

"  ThisMlion  Ol  metklliu  nuitnenom  to  ■llpiobkbiUtjdepeuda.KltliuuGhotilypiLrtisIiy 
(*>w  Note  IS),  an  itnToUtilityiUidini  tb«  (act  U»t,  in  conibinini;  wilh  &  given  qniuitilyof 
O^TK^n.  it  evolves  luore  beat  than  ■lamiDiDin,  lilicon,  poluBinin,  uid  other  elementa. 

>'  Davy,  on  heating  magDeiia  in  clikoiDe,  obaerved  •  complete  nubslitution,  becaune 
the  volume  of  onjgea  waa  half  the  volume  of  chloriue ;  it  ia  probable,  boweTer,  UuU  owing 
to  the  lormation  ot  chlorine  oxide  (Chapter  XI.  Note  SO)  the  decompoaitiDo  is  not  com* 
plote  and  ia  limited  by  a  raverae  reaetion  il  Ibe  nuiaa  of  t>ie  oiyden  Lave  no  effect. 
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ceptible  quantity  of  magnesium  hydroxide — namely,  one  part  is  dis- 
solved by  55000  parts  of  water.  Such  a  solution,  however,  has- 
an  alkaline  reaction,  and  gives,  with  a  salt  of  phosphoric  acid,  a 
precipitate  of  magnesium  phosphate,  which  is  still  more  insoluble. 
Magnesia  is  not  only  dissolved  by  acids,  forming  salts,  but  it  also  dis- 
places certain  other  bases— for  example,  ammonia  from  ammonium 
salts  when  boiled  ;  and  the  hydroxide  also  attracts  carbonic  anhy- 
dride from  the  air.  The  magnesium  salts,  like  those  of  calcium,  potas- 
sium, and  sodium,  are  colourless  if  they  are  formed  from  colourless 
acids.  Those  which  are  soluble  have  a  bitter  taste,  whence  magnesia 
has  been  termed  hitter-earth.  In  comparison  to  the  alkalis  magnesia 
is  a  feeble  base,  inasmuch  as  it  forms  somewhat  unstable  salts,  easily 
gives  basic  salts,  forms  acid  salts  with  difficulty,  and  is  able  to  give 
double  salts  with  the  salts  of  the  alkalis,  which  facts  are  proper  ta 
feeble  bases,  as  we  shall  see  in  becoming  acquainted  with  the  different 
metals. 

The  power  of  magnesium  salts  to  form  double  and  basic  salts  is 
very  frequently  shown  in  reactions,  and  is  specially  marked  as  re- 
gards ammonium  salts.  If  saturated  solutions  of  magnesium  and 
ammonium  sulphates  are  mixed  together,  then  a  crystalline  double 
salt,  Mg(NH4)2(S04)2,6H20,"^®  is  immediately  precipitated.  A  strong 
solution  of  onlinary  ammonium  carbonate  dissolves  magnesium 
oxide  or  carbonate,  and  precipitates  crystals  of  a  double  siilt, 
Mg(XH4)2(C03)2,4H20,  from  which  water  extracts  the  ammonium 
carbonate.  With  an  excess  of  an  ammonium  salt  the  double  salt  passes 
into  solution,"^ ^  and  therefore  if  a  solution  contain  a  magnesium  salt 
and  an  excess  of  an  ammonium  salt — for  instance,  sal-ammoniac — 
then  sodium  carbonate  will  no  longer  precipitate  magnesium  carbonate. 
A  mixture  of  solutions  of  magnesium  and  ammonium  chlorides,  on 
evaporation  or  refrigeration,  gives  a  double  salt,  Mg(NH4)Cl3,6H20.*^^ 

^  Even  a  solution  of  aiumouium  chloride  gives  this  salt  with  magnesium  sulphate. 
Its  sp.  gr.  is  172  ;  100  parts  of  water  at  0^  dissolve  9,  at  20°  17'9  parts  of  the  anhydrous 
suit.     At  about  ISO'^  it  loses  all  its  water. 

^'  This  is  an  example  of  equilibrium  and  of  the  influence  of  mass ;  the  double  salt  is 
decomposed  by  water,  but  if  we  take  a  solution  of  that  part  which  is  formed  in  the 
decomposition  then  water  dissolves  all. 

-*  If  an  excess  of  ammonia  be  added  to  a  solution  of  magnesium  chloride,  then  only 

half  the    magnesium  is  separated  in  the  precipitate,    2MgClQ  +  2NH4.OH  =  Mg(OH),> -f- 

Mg.NH4Cl5  +  NH4Cl.     A  solution  of  ammonium  chloride  reacts  with  magnesia,  evolving 

ammonia  and  forming  a  solution  of  the  same  salt,  MgO  + 3NH4Cl  =  MgNH|Cl-5  +  H20 

^2NH-. 

Among  the  double  salts  of  ammonium  and  magnesium,  the  phosphate,  MgNH4P04,6Hi20, 

is  almost  insoluble  in  water  (007  grams  are  dissolved  in  a  litre),  even  in  th«  presence  of 

ammonia.     Magnesia  is  very  frequently  precii>itated  as  this  salt  from  solutions  in  which 

it  is  held  by  ammonium  salts.    As  lime  is  not  retained  in  solution  by  the  presence  ot 
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The  salts  of  potassium,  like  those  of  ammonium,  are  able  to  enter  into 
combination  with  the  magnesium  salts.  ^^  For  instance,  the  double 
.salt,  MgKCl3,6H20,  which  is  known  as  camcdlitey^*  and  occurs  in  the 
salt  mines  of  Stcussfurt,  may  be  formed  by  freezing  a  saturated  solution 
of  potassium  chloride  with  an  excess  of  magnesium  chloride.  A  satu- 
rated solution  of  magnesium  sulphate  dissolves  potassium  sulphate,  and 
solid  magnesium  sulphate  is  soluble  in  a  saturated  solution  of  potassium 
■sulphate.  A  double  salt,  K2Mg(S04)2,6H20,  which  closely  resembles 
the  above-mentioned  ammonium  salt,  crystallises  from  these  solutions. '-^^ 

ammonia  salts,  but  is  then  precipitated  by  sodium  carbonate,  &c.,  it  is  therefore  very 
•easy  to  separate  calcium  from  magnesium  on  the  basis  of  these  properties. 

^  In  order  to  see  the  nature  and  cause  of  the  formation  of  double  salts,  it  is  sufficient 
to  regard  them  from  the  aspect  (although  this  does  not  embrace  the  whole  essence  of  the 
matter)  that  one  of  the  metals  of  such  salts  (for  instance,  potassium)  easily  gives  acid 
salts,  and  the  other  (in  this  instance,  magnesium)  basic  salts ;  the  properties  of  distinctly 
basic  elements  predominate  in  the  former,  whilst  in  the  latter  these  properties  are 
enfeebled,  and  the  salts  formed  by  them  bear  the  chanicter  of  acids — for  instance,  the 
salts  of  aluminium  or  magnesium  act  in  many  cases  like  acids.  By  their  mutual  combi- 
nation  both  these  properties  of  the  salts  are  satisfied. 

**  Camallite  has  been  mentioned  in  Cliapter  X.  (Note  4)  and  in  Chapter  XIII.  These 
deposits  also  contain  much  kainitCy  KMgCl(S04),8H30  (sp.  gr.,  2'13 ;  100  parts  of  water 
•dissolve  79*6  parts  at  18°).     This  double  salt  contains  two  metals  and  two  haloids. 

^  The  component  parts  of  certain  double  salts  diffuse  at  different  rates,  and  as  the 

•diffused  solution  contains    a   different   proportion    of  the  component  salts   than   the 

solution  taken  of  the  double  salt,  it  shows  that  such  salts  are  decomposed  by  water. 

According  to  Riidorff,  the  double  salts,  like  camallite,  MgK2(B04).,>,6H20,  and  the  alums, 

all  belong  to  this  order  (1888).    But  such  salts  as  tartar  emetic,  the  double  oxalates,  and 

-double  cyanides  are  not  separated  by  diffusion,  which  in  all  probability  depends  both  on 

the  relative  rate  of  the  diffusion  of  the  component  salts  and  on  the  measure  of  affinity 

acting  between  them.    Those  complex  states  of  equilibrium  which  exist  between  water, 

the  individual  salts  MX  and  NY,  and  the  double  salt  MNXY,  have  been  already  partially 

•analysed  (as  will  be  shown  hereafter)  in  that  case  when  the  system  is  heterogeneous 

(that  is,  when  something  separates  out  in  a  solid  state  from  the  liquid  solution),  but  in 

the  case  of  equilibria  in  a  homogeneous  liquid  medium  (in  a  solution)  the  phenomenon  is 

not  so  clear,  because  it  concerns  that  very  theory  of  solution  which  cannot  yet  be 

•considered  as  established  (Chapter  I.  Note  9,  and  others).    As  regards  the  heterogeneous 

decomposition  of  double  salts,  it  has  long  been  known  that  such  salts  as  camallite  and 

K2Mg(S04)2  give  up  the  more  soluble  salt  of  magnesium  if  an  insufficient  quantity  of 

water  for  their  complete  solution  be  taken.   The  complete  saturation  of  100  parts  of  water 

requires  at  0°  141,  at  20°  25,  and  at  60°  50*2  parts  of  the  latter  double  salt  (anhydrous), 

while  100  parts  of  water  dissolve  27  parts  of  magnesium  sulphate  at  0°,  80  parts  at  20^, 

and  55  parts  at  60°,  of  the  anhydrous  salt  taken. 

Of  all  the  states  of  equilibrium  exhibited  by  double  salts  the  most  fully  investigated 
as  yet  is  the  system  containing  water,  sodium  sulphate,  magnesium  sulphate,  and  their 
double  salt,  Na<2Mg(S04)<2,  which  crystallises  with  4  and  6  mol.  OH2.  The  first  crystallo- 
hydrate,  MgNa2(S04)2,4HQO,  occurs  at  Stassfurt,  and  as  a  sedimentary  deposit  in  many 
of  the  salt  lakes  near  Astrakhan,  and  is  therefore  called  aatrakhanite.  The  specific 
^avity  of  the  monoclinic  prisms  of  this  salt  is  222.  If  this  salt,  in  a  finely-divided  state, 
be  jiiixed  with  the  necessary  (according  to  the  equation)  quantity  of  water,  then  the 
mixture  solidifies  like  plaster  of  Paris  into  a  homogeneous  mass  if  the  temperature  be 
hrlow  22P  (Van't  Hoff  und  Van  Deventer,  1886 ;  Bakhius  lioozeboom,  1887) ;  but  if  the 
temperature  be  above  this  tratu  it  ion-point  then  tlie  water  and  double  salt  do  not  react 
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The  nearest  analogues  of  magnesium  are  able  to  give  exactly  similar 
double  salts,  both  in  crystalline  form  (monoclinic  system)  and  com- 
position ;  they,  like  this  salt  {see  Chapter  XV.),  are  easily  able  to 
(140°)  part  with  all  their  water  of  crystallisation,  and  correspond  with 
the  salts  of  sulphuric  acid,  whose  type  may  be  taken  as  magnesiutn 
Hulphate,  MgSO^.*'^^     It  occurs  at  Stassfurt  as  kieseritej  MgS04,H20, 

on  each  other:  MgNa.2(SO,).2,4H.2O  +  13H2O  =  Na3SOi,10H2O  +  MgSO4,7H.^O;  that  i»,  they 
do  not  solidify  or  give  a  mixture  of  sodium  and  magnesium  sulphates.  If  a  mixture  (in 
equivalent  quantities)  of  solutions  of  these  salts  be  evaporated,  and  crystals  of  astra- 
khanite  and  of  the  individual  salts  capable  of  proceeding  from  it  be  added  ta  the  con- 
centrated solution  to  avoid  the  possibility  of  a  supersaturated  solution,  then  at  tempera- 
tures above  22^  astrakhanite  is  exclusively  fonned  (this  is  the  metliod  of  its  production)^ 
but  at  lower  temperatures  the  individual  salts  are  alone  produced.  If  equivalent  amounts 
of  Glauber's  salt  and  magnesium  sulphate  be  mixed  together  in  a  solid  state,  then  there  in 
no  change  at  temperatures  below  22^,  but  at  higher  temperatures  astrakhanite  and  water 
are  formed.  The  volume  corresponding  with  Nft.jSO4,10H2O  in  grams  =823/l'46a=230'r> 
cubic  centimetres,  and  of  MgS04,7H20  =  240  1'68  =  14(V4  ;  hence  their  mixture  in  equivalent 
quantities  occupies  a  volume  of  30(i"9  c.c.  The  volume  of  astrakhanite  =384. 2*22  =  150**% 
and  the  volume  of  18H20  =  284,  hence  their  sum  =8805  c.c,  and  therefore  it  is  easy  to 
follow  the  formation  of  the  astrakhanite  in  a  suitable  apparatus  (a  kind  of  thermometer 
conttiining  oil  and  a  powdered  mixture  of  sodium  and  magnesium  sulphates),  and  to  see 
by  the  variation  in  volume  that  before  22°  it  remains  unchanged,  and  at  higher  tempera- 
tures procee<lH  more  quickly  the  higher  the  temperature.  At  the  transition  tem{)erature 
the  solubility  of  astrakhanite  and  of  the  mixture  of  the  component  salts  is  one  and  the 
same,  whilst  at  higher  temperatures  a  solution  which  is  saturated  for  a  mixture  of  the 
individual  salts  would  be  supersaturated  for  astrakhanite,  and  at  lower  temperatures  the 
solution  of  astrakhanite  will  be  supersaturated  for  the  component  salts,  as  has  been 
^hown  with  e8i>ecial  detail  by  Karst^n,  Diacon,  and  others.  Roozeboom  showed  that 
there  are  two  lunits  to  the  composition  of  the  solutions which-can  exist  for  a  double  salt; 
these  limits  are  respectively  obtained  by  dissolving  a  mixture  of  the  double  salt  with 
each  of  its  component  simi)le  salts.  Van't  Hof!  demonstrated,  besides  this,  that  the 
tendency  towards  the  fonnation  of  double  salts  has  a  distinct  influence  on  the  progress 
of  doubh'  decomposition,  because  at  tem^wratures  above  81 '^  the  mixture  2MgS04,7H20^ 
+  2NaCl  passes  into  MgNa.2(S04)..,4HoO-r  MgCl..,r.HoO-r4H20,  whilst  below  31"^  there  is 
not  this  double  decomposition,  but  it  proceeds  in  the  opposite  direction,  as  juny  be 
demonstrated  by  the  above-described  methods. 

From  these  examples  on  double  salts  we  see  tliat  there  is  as  close  a  dei^endence 
between  the  temperature  and  the  formation  of  substances  as  there  is  between  the  tem- 
perature and  a  change  of  state.  It  is  a  case  of  the  conceptions  of  Deville  concerning 
dissociation,  but  extended  in  the  direction  of  the  passage  of  a  solid  into  a  liquid.  On 
the  other  hand,  we  here  see  how  essential  a  role  water  plays  in  the  formation  of  com- 
pounds, and  how  the  affinity  for  water  of  crystallisation  is  essentially  analogous  to 
the  affinity  between  salts,  and  hence  also  to  the  affinity  of  acids  for  bases,  because; 
the  formation  of  double  salts  does  not  in  any  essential  point  (except  the  measure  of 
affinity — that  is,  from  a  quantitative  asiwct)  differ  from  the  fonnation  of  salts  them- 
selves. When  sodium  hydroxide  with  nitric  acid  j;ives  sodium  nitrate  and  water  the 
phenomenon  is  essentially  the  same  as  in  the  fonnation  of  astraklianite  from  the  salts 
NttjS04,l()H.jO  and  MgS04,7H20.  Water  is  di-.engaged  in  both  cases,  and  hence  the 
volumes  are  altered. 

'^  This  salt,  an<l  especially  its  crvhtallo-hydrate  with  7H.jO,  is  generally  known  as 
Epsom  salts.  It  has  long  been  used  as  a  purgative.  It  is  easily  obtained  from  magnesia 
and  sulphuric  acid,  and  it  separates  on  tlie  ovap»>ration  of  sea  water  and  of  many  saline 
bprings.      When   carbonic   anhydride  is  obtained  by  the  action  of   sulphuric  acid  on 
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.-iiid  geiieroUy  separates  from  solutions  as  n,  heptaliydnited  salt, 
>Ig8f>4,7HjO,  and  from  supersaturated  solutions  as  a  hexahydratetl 
salt,  MgSO„6HjO;  at  temperatures  below  0°  it  crystalHseB  out  as  n 
dodecahydrated  salt,  MgSO,,12HjO,  and  a  solution  of  the  com- 
position J[gSOj,2H50  completely  solidities  at  5°."  Thus  between 
water  anrt  tuagnesium  sulphate  there  may  exist  several  detioite  nod 
more  or  less  stable  degrees  of  equilibrium,  and  the  double  salt 
MgS(>^Ejt50|,6H^O  may  l>e  regarded  as  ooe  of  these  eijuilibrated 
systems,  all  the  more  as  it  contaitiB  6HjO,  whilst  MgSOi  is  able  to 

iDsgneiiite,  magnesium  sulphate  remuine  in  Hulutiou.  Wlien  doliiniite^th&t  is,  a  miitiUH 
o!  magnesium  und  viJcium  uorbunittes — in  subjected  lo  tbe  octiau  o[  a  wilution  al  hyiro- 
vtilaric  *cid  until  nboat  hslf  u(  the  Bnlt  remains,  then  the  crUciiun  carbmiats  in  chiefl; 
dissolved  aad  mHgnesium  carbonate  is  left,  and,  by  trentment  with  snlphnric  acid,  giveii 
1  solation  □[  niAgneaiiun  aolphate. 

"  The  anbjdtous  wit,  M^SOi  <8p.  gr.,  3*U1|,  attracts  moiHture  (7  mol.  HjO)  horn 
moiat  air;  vhen  heuted  in  sleam  ni  hjdmgeii  chloride  it  ^ves  sulphuric  acid,  and 
when  healed  with  carbon  is  decomposed,  according  to  tbe  equation  9Hg8Oj  +  C'°aa0g 
-hCOi'SMeO.  The  monuhydrated  salt  (IdeseriteJ,  MgSO|,U.)0  (sp- gr.,  3'GB),  dissolves 
in  water  with  difficnlty,  and  remains  when  tbe  other  cryBtallo-hydrates  are  heated  to  ISB". 
The  be:rahydrat«d  salt  is  dimorphous.  If  a  solution,  satorstedat  the  boiling-point,  be  pre- 
pared,  and  uonled  without  acoBsaoI  crystals  of  the  heptahydraled  salt,  then  MgSO|,eHtO 
crystalhses  uat  in  tnonocltnie  prisms  (Loewel,  Marigiiac),  which  are  quite  as  an- 
■tabls  an  the  salt,  NaS0„7HaO  {p.  BOB) ;  but  it  prismatio  arystals  of  the  eubic  «y«em 
ut  the  copper-nickel  salts  of  the  camposltion  MHO„DH,0  be  added,  then  ciyiilals  of 
HgS04,eiIiO  are  deposited  on  lh»m  as  prisms  of  the  cubic  system  (Lecwi  de  Boisbaudian). 
The  conuuon  crystallo-hydratv,  MgSO,,THiO,  Epsom  salts,  bslonga  to  the  rhombic 
syetem,  and  is  obtaiued  by  erystalliiiation  below  80".  Ite  speoiflo  gravity  is  I'US-  In  a 
vacuum,  or  at  lOU',  it  loses  5H,0,  at  tau=>  AHjO,  and  at  910'  ill  the  TH.,0  (Otaham).  If 
crystals  of  ferrous  or  cobaltiu  sulphate  he  planed  in  a  saturated  solution,  then  hexagonal 
oryslals  of  tlie  heptahydrated  salt  sre  formed  (Leooq  de  Boisbandran) ;  they  present 
an  unstable  stale  of  equilibrium,  and  soon  becuoie  cloudy,  probably  owing  to  their  trane- 
foiniation  into  the  more  stable  common  form.  Fritisohe,  by  cooling  saturated  aolntionii 
below  0",  obtaineil  a  iDiiture  of  crystals  of  ice  and  of  a  dodecahydrated  salt,  which  easily 
■pht  Dp  at  temperatures  above  U".  Guthrie  showed  that  dilnte  solutions  at  magnesium 
sulphate,  when  refrigerated,  separate  ice  until  the  solution  Attains  a  compoutioo 
MgaOj.aiHjO,  which  will  completely  freese  into  a  crystallo-hydrote  at  -S-B"  (p.  D7I. 
According  to  Coppet  and  Rlidortt,  the  temperature  uf  the  lormation  of  ice  falls  by  0-078° 
tor  every  part  by  weight  of  the  heptahydrated  salt  per  100  of  water.  Tliis  figure  gives 
(Chapter  I-  Note  10)  f  ^  I  tor  both  the  heptahydrated  and  the  anhydrous  salt,  from  which 
it  is  clearly  seen  that  it  is  Impossible  to  judge  tbe  state  of  combination  in  which  a  dis- 
noli-ed  substance  occurs  by  the  temperature  of  the  formation  of  ice. 

The  solubility  of  the  different  crystallo-hydratea  of  uiagnesinm  sulphate,  according  Ui 
Im^wel,  also  varies,  lilte  those  of  sodium  sulphate  or  carbonate  (*ce  Chapter  XU.  Xotes 
7  and  lH].  At  0°  100  parts  at  wat«r  dissolves  tO'TS  UgSO,  in  the  presence  of  (he  beia- 
bydrated  salt,  B4-eT  MgSO,  in  the  preeence  of  the  hexagonal  heptahydrated  salt,  and 
only  an  parts  of  MgSO,  in  the  presence  of  the  ordinary  heplnhydralcd  salt^that  is, 
solutions  giving  the  remaining  eryttallo-hydrstea  wil!  be  supersaLurated  tor  the  ordinary 
hcptahydrateil  salt. 

All  this  slmws  liow  many  diverse  sspects  of  more  or  loss  stable  equilibria  may  exist 
between  water anc[  a  snlistance  dissolved  in  it;  this  has  alrvady  been  enlarged  on  in 
Chapter  I. 

Carefully  purified  magnesium  sulphate  in  its  aqueous  eolation  gives,  according  to 
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combine  into  a  most  stable  system  with  TH^O ;  and  the  doable  salt 
may  V>e  considered  as  this  crystallo-hydiate,  in  which  one  molecale  of 
water  is  replaced  by  the  molecule  K1SO4.** 

Th**  -poir^.r  offi^rmintj  ba^ic  *a/to  is  a  very  remarkable  peculiarity 
of  magnesia  and  other  feeble  bases,  and  especially  of  those  corre- 
sponding with  polyvalent  metals.  The  very  powerful  bases  corre- 
sp^mding  with  univalent  metals — like  potassium  and  sodium — do  not 
form  basic  salts,  and,  indeed,  are  more  prone  to  give  acid  salts,  whilst 
magnesium  easily  and  frequently  forms  basic  salts,  especially  with 
feeble  acids,  although  there  are  oxides — as,  for  example,  copper  and 
lead  oxides — which  still  more  frequently  give  basic  salts.  If  a  cold 
solution  of  magnesium  sulphate  be  mixed  with  a  solution  of  sodium 
carbonate  there  is  forme*  1  a  gelatinous  precipitate  of  a  basic  salt, 
Mg(HO).^,4MgC03,9H._»0  ;  but  all  the  magnesia  is  not  precipitated  in 
this  case,  as  a  portion  of  it  remains  in  solution  as  an  acid  double  salt. 
If  sodium  carbonate  be  added  to  a  boiling  solution  of  magnesium 
sulphate  there  is  formed  a  precipitate  of  a  still  more  basic  salt, 
4MgS04  +  4XaX03  +  4H/J  =  \:>^^^^0^  +  C02  +  Mg(OH)2,3MgC03, 
3H2O.  This  basic  salt  forms  the  ordinary  medicine,  magnesia  (mag- 
nesia alba),  in  the  form  of  light  porous  lumps.  Other  basic  salts  are 
formed  under  certain  modifications  of  temperature  and  conditions  of 
decomposition.  But  the  normal  salt,  MgCOa,  which  occurs  in  nature 
as  magnesite  in  the  form  of  rhombohedra  of  sp.  gr.  3 056,  cannot  be 
obtained  by  such  a  method  oi  precipitation.  In  fact  the  formation  of 
the  different  basic  salts  shows  the  power  of  water  to  decompose  the 
normal  salt.  It  is  possible,  however,  to  obtain  this  salt  by  artificial 
means,  both  in  an  anhydrous  and  hydrated  state.  A  solution  of 
magnesium  carbonate  in  water  containing  carbonic  acid  is  taken  for 
this  purpose.  The  reason  of  this  is  readily  understood — carbonic 
anhydride  is  one  of  the  products  of  the  decomposition  of  magnesium 

Stcherbakoflf,  an  alkaline  reaction  with  litmus,  and  an  acid  reaction  with  phenol* 
X>hthalein. 

The  specific  gravity  of  solutions  of  certain  salts  of  magnesium  and  calcium  reduced 
to  15^/4°  (see  my  work  cited,  Cliai>t«*r  I.  Note  1*J;,  are,  if  water  at  4^  =  10000, 

MgSOi  •  a  -"  '•'J>i>2  -r  in>-89/)  +  0-553/}' 
MgCl.  :  8  =  91)02  -  8l-31/>  -r  0-37*2/>=» 
CaCL  :  8  =  IKMJ2  -r  m)-24/?  +  0-476/;* 
15^  ds'dt  -  -(1-5  -r  0-12/>;  for  CaCl^ 

M  Graham  even  distinguished  the  last  equivalent  of  the  water  of  crystallisation  of  the 
heptahy(lrate<l  salt  as  that  which  is  replaced  by  other  salts,  pointing  out  that  double 
sjiltrt  nice  MgK^(S04)..,(5H20  lose  all  their  water  at  135^  whilst  MgS04,7H.20  only  i>arta 
V,  ith  (JH^O.  However,  Pickering  afterwards  showed  the  easy  decomposability  of  such 
double  »alt-^,  and  determined  that  their  formation  is  accompanied  by  a  small  development 
of  h«?at,  and  sliowed  that,  in  gumrral  (Chapter  I.  Note  5G).  the  combination  of  water  of 
cry^tallisation  is  accompanied  by  a  small  development  of  heat. 
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carbonate   in   the   presence   of   water.     If  thia   solution   be   left    to 

cvftporate  Bpontnneously  the  norn)al  salt  separates  in  n  hydrated  form, 
but  in  the  evaporation  of  a  heated  solution,  through  which  n  stream  of 
carbonic  anhydride  b  passed,  the  anhydrous  salt  is  formed  as  a 
crystftUine  niftss,  which  remains  unaltered  in  the  air,  like  tlie  natural 
mineral.^"  The  decomposing  influence  of  water  on  the  salts  of  mag- 
nesiuni,  which  is  directly  dependent  on  the  feeble  basic  properties  of 
miignesiii,*"  is  most  L-learly  seen  in  miit/tittium  clUoridi'.,  MgCl,.  This 
salt  is  contained,*'  as  we  have  already  seen  (Chapter  X.),  in  sea  water, 
and  remains  in  the  last  mother  li<|uors  of  its  evaporation.  On  cooling 
a  sufficiently  concentrat«d  solution,  the  crystallo- hydrate,  MgClj,6HjO, 
sepHrates ; '^  but  if  it  be  further  heated  (above  lOG")  to  remove  the 
water,  then  hydrochloric  acid  passes  off  together  with  the  latter,  so 
that  there  ultimately  remains  magnesia  with  a  small  quantity  of  mag- 
nesium chloride."  From  what  has  been  said  it  is  evident  that  anhy- 
drous magnesium  chloride  cannot  be  obtained  by  simple  evapomtion. 
But  if  Eai-a[[inioniac  or  sodium  chloride  be  added  to  a  solution  of 
magnesiuni  chloride,  then  the  evolution  of  hydrochloric  acid  does  not 
take  place,  and  after  complete  evaporation  the  remaining  mass  is 
entirely  soluble  in  water.    This  renders  it  possible  to  obtain  anhydrous 

"  Tlie  vrj'Htulliiiv  fonu  ut  llie  naUydcons  mII  abtiuned  in  Uiie  luHnnt-r  \b  not  the  Home 
ua  that  of  the  iiBtund  ult.  T)ie  forraer  gives  rhorabohedra,  liko  those  iu  which  calcium 
imrbonate  ■ppears  as  calc  spsT,  KliilM  the  mitaral  salt  appears  oa  rhombic  prianu,  like  (huio 
HOmelimeB  prroented  hy  the  uune  carbonate,  an  aragonite,  wluch  will  soon  be  described. 

"  Mn^eaiam  sulphate  eiiten  into  certain  reactions  vhich  Hre  proper  to  Bolpbnric 
acid  itaeU.  Thna,  toe  instance,  if  a  curetully-pTepand  mixlore  o(  oquivalent  qouiUtie* 
nl  hf  droits  magneaitiiu  mlphate  and  aodiom  chloride  be  boated  (o  a  red  heat,  the  eroln- 
tion  ot  hydrochloric  acid  i*  obnerved  jiut  aa  iu  the  action  ot  snlphnric  add  on  common 
"alt,  Mg90i  +  aSaCI  +  HaO  -  Nri.,90i  +  MgO  +  SHCI.  HagneBium  lulphate  acts  in  a. 
■timiUr  manner  on  mtratao.  with  tha  evolntiou  ot  nitric  acid.  A  oiixtnis  of  it  with 
common  wit  ind  manganese  peroxide  givea  chlorine.  Snlphurio  acid  ia  aometime* 
replaced  by  magnesiam  nulpliate  in  galvanic  batteriea — for  example,  in  the  irell-known 
Mcidinger  battery.  In  the  above-mentioniid  reactions  ve  aee  a  sinking  example  ot  how 
hIIIiu  the  reactions  nt  acidi  and  colts  are,  eapedally  ot  aaJta  whicb  are  formed  by  inch 
feeble  baUB  aa  magneaia. 

"  Ah  sea  water  conUJni  many  salt*,  HCl  and  HgX^  it  foUowa,  according  to  Ber~ 
thollvt'o  teaching,  that  HgCI^  ii  alao  preaent. 

^'  Ah  the  crystallo-hydtntcs  ot  the  (olt*  at  lodium  often  contain  laH,CI,  m>  many  ot 
the  Halln  o(  magneiiuoi  conUin  itH,0. 

*■'  Thia  decomposition  is  moit  aimplydefinedaa  thenjanltnf  tlic  two  reremc  reaction* 
MgCli  -f  H,0  -  MgO  +  aeci  and  MgO  -.  SHCI  -  MgCI,  +  H,0,  or  u  a  di.lribntion 
between  O  and  C\.,  on  the  one  hand  and  H^  and  Mg  on  tlie  other.  It  i>  ll>en  clear  that 
iLccording  to  BerthoUet'a  doctrine,  the  man  ot  the  hydrochloric  acid  converta  the  oag- 
neaium  oiide  into  chloride,  and  the  mau  ot  the  water  converts  the  magneaiam  chloride 
mto  oxide.  The  crystaJlo-hydrate,  HgCl^OHiO,  forma  the  limit  ol  the  reversibilitj.  Bnt 
■n  intermediate  state  ot  equilibrium  may  eiial  in  the  toim  of  baaio  lalta.  On  mixing 
ignited  magnesia  with  a  aolation  ot  magneainm  chloride  ot  specific  gravity  abont  1-3,  t, 
Mitid  mass  is  obtained  which  ii  scarcely  decomposed  by  water  at  the  ordmuj  temper*' 
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m^iiCrrj^inm  chloHrif^  from  its  a«i*xe«ja9  ioln^ioa.  Iniieeri  die  mixture 
-vith  -^I'^ttiTnr^Jjyr  'in.  ^xaxsB*  outT  be  dried  'die  resiiiK  eonssts  oi  an 
^^nhydron-^  donr^e  salt.  X^f.'U.fXH^Cr*  and  tliHi  isniiKd  '4«iJ"K  wtei 
th#>;  Hal'%min''>£ii£tc  U  c>>averT;«d  into  vapoor  and  a  fused  msflB  o€ 
anhjdrr^a.'i  ma^ii#»iixm  chloride  remains  behind.  The  anKydroos  diknie 
^^•HT*:n  a  v*:rT  conAid^T^hle  iunoont  off  heas  oa  the  addxtzoo.  a€  wster^ 
whioh  ^h#>w^  thtf^  zr^skt  al!:nitv  th^  salt  haa  for  wmter.^  Anh^vdrons 
macm^am  chloridf:  is  not  only  obt&ined  Kj  che  abo^e  mechod.  bat  is 
Ai.v>  fonn#>:d  bv  the  direct  comhinadon  ol  chlorine  and  nuignesnnu  and 
by  the  a/::ti/>n  of  chlorine  on  mAjzneaiam  oxidey  oxygen  bexn^  e^olTed  : 
thiii  proc#^*i  Atill  more  easily  ^/v  h^atit^  wkag^^aia  wiik  ckarrc*Ml  ta  «f 
Atr^y//r*  of  rhl^/rxYk^,  when  the  charcoal  serres  to  take  up  the  oxyzen. 
TTii.^  Utter  method  w  aLv>  employed  for  the  preparatioii  of  chl«  "rides 
which  are  formed  in  an  anhydrous  form  with  still  greater  di!fi<nilty 
than  m^imesiam  chloride.  Anhydrous  magnesitun  chloride  forms  a 
colourlei^i,  traniiparent  mass,  composed  of  flexible  crystalline  platen 
of  a  fi^^rly  luntre.  It  foies  at  low  red  heat  (708")  into  a  coloories^ 
liquid,  remains  nnchangerl  in  a  dry  state,  but  under  the  action  of 
moi.Htare  «  partially  decomposed  even  at  the  ordinary  temperature, 
with  f^irmation  of  hvdrrjchloric  acid. 

CaJ^ium  compoondii  in  many  respects  present  a  great  re^sem- 
Vilance  tf9  magnesium  compounds,  but  are  also  clearly  distinguished 
from  thfrm  by  many  properties. -^^  In  general  calcium  stands  to 
magneMiur/i  in  the  same  relation  as  potassium  occupies  in  respect 
to  vKlinm.  Davy  oVjtained  metallic  calcium,  like  p»tassium,  as  an 
amal;(arri  by  th^^  action  of  a  galvanic  current  ;  but  neither  charcoal  nor 
iron  dfrcomfK>sf*s  calcium  oxide,  and  even  sodium  decomposes  calcium 
chlorirlc  ^''  with  difficulty.  But  a  galvanic  current  easily  decomposes 
ca^inrri  r-hloridc,  and  metallic  s^xlium  somewhat  easily  decomposes 
calcium  ir^lide  when  heated.     As  in  the  case  of  hydrogen,  potassium, 

'  ♦  A'  r  'ipliriif  to  Thornw^in,  the  combination  of  MjirCl^  with  6H_.0  evolves  33000  calories, 
and  it-:  -t'-lution  in  an  *'Xf**HH  of  water  .'3»WXX)  heat  units. 

'*'  '\'\\*-T*-  nT*:  many  other  methods  of  separatinj^  calcium  from  magnesium  besides  that 
rrK'Titiori'd  alK»ve  (Note  2'2).  Amonf(  them  it  will  Vje  sufficient  to  mention  the  behaviour 
of  \\u-^-  h.»^''H  toward  a  w)lution  of  Hugar;  hydrated  lime  is  exceedinjjly  soluble  in  an 
ntlufoiiH  m>liiti(m  of  Hiujar,  whilst  majrnesia  is  little  soluble.  All  the  lime  may  be  ex- 
tnw  t'd  from  dolomit<j  by  burning  it,  slaking  the  mixture  of  oxides  thus  obtained,  and 
iiddinu'  H  1''  V<''  solution  of  sugar.  Carbonic  anhydride  precipitates  calcium  carbonate 
from  this  w>lution.  The  a^ldition  of  sugar  (molasses)  to  the  lime  used  for  building 
ptiriKi-><n  iM*werfnlly  increaJMiS  the  binding  power  of  the  mortar,  as  I  have  myself  found, 
f  hHV<-  bi«M  told  that  in  the  P^ast  (India,  Jax>an)  the  addition  of  sugar  to  cement  has  long 
\n'v\\  jtr.irti'*<-d. 

'•*'•  .Mor<-ov<?r  Caron  oljtained  an  alloy  of  calcium  and  zinc  by  fusing  calcium  chloride 
with  zinc  und  wwlium.  The  zinc  vaporised  off  from  this  alloy  at  a  white  heat,  and 
t'alciuni  rcniaincd  behind. 
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and  magnesium,  the  affinity  of  iodine  for  calcium  is  feebler  than  that  of 
chlorine  (and  oxygen),  and  therefore  it  is  not  astonishing  that  calcium 
iodide  may  be  subjected  to  that  decomposition,  into  which  the  chloride 
And  oxide  enter  with  difficulty.  ^^  Metallic  calcium  is  of  a  yellow 
colour,  and  has  a  considerable  lustre,  which  it  preserves  in  dry  air.  Its 
specific  gravity  is  1  '58.  Calcium  is  distinguished  by  its  great  ductility  ; 
it  melts  at  a  red  heat  and  then  bums  in  the  air  with  a  very  brilliant 
flame,  which  is  easily  understood  from  the  fact  that  finely-divided 
infusible  calcium  oxide  is  formed.  Judging  from  the  fact  that  in 
burning  calcium  gives  a  very  large  flame,  it  is  probable  that  this  metal 
as  volatile.  Calcium  decomposes  water  at  the  ordinary  temperature, 
and  is  oxidised  in  moist  air,  but  not  so  rapidly  as  sodium.  In  burning, 
calcium  gives  its  oxide  or  lime,  CaO,  a  substance  which  is  familiar  to 
^very  one,  and  of  which  we  have  already  frequently  had  occasion  to 
speak.  This  oxide  is  not  met  with  in  nature  in  a  free  state,  because  it 
is  an  energetic  base  which  ever3rwhere  encounters  acid  substances,  with 
which  it  forms  salts.  Generally  it  is  combined  with  silica,  or  occurs 
as  calcium  carbonate  or  sulphate.  The  calcium  carbonate  and  nitrate 
are  decomposed,  at  a  red  heat,  with  the  formation  of  lime.  As  a  rule, 
the  carbonate,  which  is  so  frequently  met  with  in  nature,  serves  as  the 
source  of  the  calcium  oxide,  both  commercial  and  pure.  When  heated 
calcium  carbonate  dissociates:  CaC03=CaO-|-C02.  In  practice  the 
decomposition  is  conducted  at  a  bright  red  heat,  in  the  presence  of 
steam,  or  a  current  of  a  foreign  gas,  in  heaps  or  in  special  kilns.^® 

57  Calcium  iodide  may  be  prepared  by  i>aturating  lime  with  hydriodic  acid.  It  iH  a  very 
soluble  Rait  (at  20^  one  part  of  the  salt  requires  0-49  parts  and  at  48^  0*85  parts  of  water 
for  solution),  is  deli(iuescent  in  the  air,  and  resembles  calcium  chloride  in  many  respects. 
It  changes  but  little  when  evaporated,  and,  like  calcium  chloride,  fuses  when  heated,  and 
therefore  all  the  water  may  be  driven  off  by  heat.  If  anhydrous  calcium  iodide  be  heated 
with  an  equivalent  quantity  of  sodium  in  a  closely-covered  iron  crucible,  stKlium  iodide 
and  metaUic  calcium  are  formed  (Lies-Bodart).  Dumas  advises  carrj'ing  on  this  re- 
action in  a  closed  space  under  pressure. 

5S  Kilns  which  act  either  intermittently  or  continuously  are  built  for  this  purpose.  The 
kilns  of  the  first  kind  are  filled  with  alternate  layers  of  fuel  and  limestone  ;  the  fuel  is 
lighted,  and  the  heat  develo])ed  by  its  combustion  ser\*eH  for  decomposing  the  limestone. 
When  the  process  is  completed  the  kiln  is  allowed  to  cool  somewhat,  the  Hme  raked  out, 
and  the  same  process  re|>eated.  In  the  continuously-acting  furnaces,  constructed  like 
that  shown  in  lig.  7H,  the  kiln  itself  only  contains  limestone,  luid  there  are  lateral  hearths 
for  burning  the  fuel,  whoso  flame  parses  through  the  limestone  and  serves  for  its  decom- 
position. Such  furnaces  arc  able  to  work  continuously  because  the  unbunit  limestone 
may  be  charged  from  alH>ve,  and  the  burnt  lime  raked  out  from  below. 

It  is  not  everj-  limestone  that  is  suitable  for  the  prepanition  of  lime,  because  many 
contain  impurities,  especially  clay,  dolomite,  and  sand.  Such  limestones  when  burnt 
either  partially  fuse  or  give  an  impure  lime,  called  poor  lime  in  distinction  from  that 
pure  lime  which  is  obtiiined  from  purer  limestone,  and  which  is  called  rich  lime.  The 
latter  quality  is  characterised  by  its  disintegrating  into  a  fine  powder  when  treated  with 
water,  and  is  suitable  for  the  majority  of  uses  to  which  lime  is  applied,  and  for  which 
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m  oxide — that  is,  quioklinie— ia  a  substance  (sp.  gp.  3'15) 

the  poor  lime  in  BometJinaB  quite  anfit.  Howeier,  certiUD  hmdo  of  pool  lime  (b>b  tie  aluJl 
8SB  in  the  r'hnpter  on  uliconl  are  lued  in  the  prepftntinn  of  hydnnlic  liiUfla,  whidt 
solidilf  into  ■  hknl  msaa  ander  water. 

In  order  to  oiiUun  qoite  pore  lime  it  i*  iiecesMiry  to  taliv  the  poreat  po«bW  om- 
terials.  Ill  the  Uboratocy,  mkrble  or  ehvlU  are  need  for  thiH  iiiirptm  u  a  purv  tana  et 
calciam  tHfbonate.     Thuy  ilib  first  bnnit  in  n  iiimuee.  iiiil  then   put  in  u  cnicibl«  and 
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iiiQiatenod  with  a  nmftll  quuntilj  ol 
meann  a  puree  lime  ia  obtained.  Pur 
(-ulciam  nilntte,  CaXaO,, 


,  and  then  again  atronglj  i^niUiA,  by  *Uah 
»  ma)'  be  more  rapidly  prepsteil  by  flilm 
Bsily  obtained  by  disBolTiiig  limealnne  iti  nitrio  iM, 
is  boiled  nitb  it  small  qunnUty  at  lime  in  order  tu  |  recipitttin  U^ 
'oreign  iiiides  niiich  ftre  inaolable  in  water.  The  o^iidea  of  irou,  alouiiniqni,  to,  m 
precipititted  l>y  llua  nieana.  The  »lt  is  then  DrfatalUfted  and  ignitfd :  CaK^Og  ^ 
CaO  +  9N0.J  +  O. 

Ill  tlie  itecompoaition  of  oaleitini  rarbonale  the  limo  prcnrreB  tix  fotni  tJ  ih*  '"WM 
■nlijected  (n  ignition ;  thin  is  one  of  the  Binnia  diBtingaishing  quickUlaa  wlen 
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■whioh  IB  unaffected  by  lieftt,^"  and  nmy  therefore  aerre  as  a.  fire- 
I  rosiating  material,  and  was  employed  by  Deville  for  the  eonatructaon 
■of  furnaces  in  which  platinum  was  melted,  and  silver  volfttiliaed  by  the 
.actioa  of  the  heat  evolved  by  the  combustion  of  detonating  gaa.  The 
hydrat«d  lime,  slaked  lime,  or  calcium  hydroxide,  CaH,Oj  (sp.  gr. 
3'OT)  is  a  most  common  alkaline  substajice,  which  is  employed  largely 
in  building  for  making  mortars  or  cements,  in  which  case  its  bind- 
ing property  La  mainly  due  to  the  absoiption  of  carbonic  anhydride.'" 
Lime,  like  other  alkalis,  acts  on  many  animal  and  vegetable  sub- 
Btances,  and  for  this  reason  has  many  practical  uses— foi-  example, 
for  removing  fata,  and  in  agriculture  for  accelerating  the  decom- 
position of  organic  substances  in  the  so-called  composts  or  accuniu- 
lations  of  vegetable  and  animal  remains  used  for  fertilising  land. 
Calcium  hydroxide  easily  loses  its  water  at  a  moderate  heat  (530°), 
■but  it  does  not  part  with  water  at  100°.  When  mixed  with  water 
lime  forms  a  pasty  moss,  which  is  known  as  slaked  livie,  and  in  a 
more  dilut«  form  as  milk  of  lime,  because  when  shaken  up  in  water 

burnt  imd  uDAlleied  by  oic.  it  uUnietB  moutiiFi!  tram  the  ajr  and  tlien  diliiiiteerates  into 
k  powilec  ;  if  left  long  eipoBcd  iii  Uie  air  it  aJso  ttttmotn  curlHiuiD  enhydrids  uad 
inereuseg  in  tolnme  ;  it  docs  uol  entirely  P"™  into  curbonaiii,  but  forma  a  domjiDond  of 
tbe  Utter  witb  cauEtic  lime. 

^  Lime,  nrhen  hmited  to  a,  tibiie  bent  in  tlia  vii]K)ac  of  putoaiuum,  givee  ciLlciuin,  and 
in  uhlorine  it  disen^taf^eB  oiygsn.  Sotphiir,  phosphoma,  Arc,  when  beated  with  lime,  are 
abeorhed  by  it. 

*"  The  greater  qoantity  of  lime  is  a«ed  in  making  mortar  for  binding  brioliB  or  atansa 
logether,  in  the  form  of  lime  or  ceingnl,  or  Ibe  Ho-caUed  ilakcd  lime.  For  this  purpose 
Ibe  Ume  is  mixed  witli  noter  and  vaud,  u-Uicb  nerves  lo  separal«  the  particlei  of  lima 
from  eadi  other.  1(  only  lime  paste  were  put  between  two  bricks  they  voold  not  hold 
firmly  together,  becaUHs  after  tlie  water  had  evaporated  the  lime  would  occupy  a  pmaller 
Bpoce  than  before,  and  therelore  tracks  and  powder  would  form  in  its  caaxa,  so  that  it  wonld 
not  at  all  produce  tbat  complete  cementation  of  the  brieka  wbieli  it  h  deeired  lo  attain. 
3'ieuBa  of  atone — that  is,  sand — tniied  with  the  lime  hinder  thiaprocesa  of  disintegration. 
becaDse  the  lime  binda  together  the  individnal  grains  of  sand  miied  with  it,  and  fonna 
■one  concrete  niaas,  in  consequence  o(  a  proueas  wbicb  proceeds  alter  the  deuccaUon  or 
nunoral  of  the  water.  The  process  of  the  aolidification  of  lime,  taken  ai  slaked  limo, 
conBiBtH  first  in  the  direct  evaporation  of  the  water  aud  cryBtatlisation  ol  the  hydrate,  ao 
that  the  lime  binda  the  stones  and  sand  mixed  witb  it,  just  as  glue  binds  two  pieces  of 
wood.  But  this  preliminary  binding  action  of  lime  is  feeble  (as  is  seen  by  direct  aipeii- 
Bientl  onlesB  there  be  further  alteration  of  the  lime  leading  k>  the  formation  of  carbtmalea, 
silicates,  and  other  salts  of  calcium  which  are  diatinguisbed  by  their  great  cohesion.  Willi 
the  progress  of  time  the  cement  is  partially  sabjected  to  tlie  action  of  the  carbonic  anhydiida 
in  Ihe  air,  owing  to  whioh  calcium  carbooate  is  formsd,  but  not  more  than  half  the  lime 
is  thus  GoQTerted  into  carbonate.  Besides  which,  the  lime  partially  acta  on  the  silica  of 
tlie  bricks,  and  it  is  owing  to  thsse  new  combinations  simoIlaneODSly  forming  in  the 
cement  that  it  gradually  becomes  itronger  and  stronger.  Hence  the  binding  aotioo  ot 
the  lime  becomes  stronger  with  the  progress  of  time.    This  ia  the  reuann  land  not,  aa  is 

sometimes  said,  becauiie  the  ancients  knew  how  to  build  stronger  than  we)  why  build. 

ingB  which  have  stood  for  centuries  posscsa  a  very  strongly  binding  cement.     Hydraulic 

cemsntB  will  be  described  in  the  chapter  on  silicon. 
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it  remains  suspended  in  it  for  a  long  time,  and  gives  it  the  appearance 
of  a  milky  liquid.  But,  besides  this,  lime  is  directly  soluble  in  water, 
not  to  any  considerable  extent,  but  still  in  such  a  quantity  that  lime 
water  is  precipitated  by  carbonic  anhydride,  and  has  clearly  dis- 
tinguishable alkaline  properties.  One  part  of  lime  requires  at  the 
ordinary  temperature  about  800  parts  of  water  for  solution.  At  100° 
it  requires  about  1500  parts  of  water,  and  therefore  lime-water 
becomes  cloudy  when  boiled.  If  lime-water  be  evaporated  in  a 
vacuum,  then  calcium  hydroxide  separates  in  six-sided  crystals.^  ^  If 
lime-water  be  mixed  with  hydrogen  peroxide  then  minute  crystals  of 
calcium  peroxide,  Ca02,8H.20,  separate  ;  this  compound  is  very  un- 
stable and,  like  barium  peroxide,  is  decomposed  by  heat.  lime,  as  a 
powerful  base,  combines  with  all  acids,  and  in  this  respect  presents  a 
transition  from  the  true  alkalis  to  magnesia.  Many  of  the  salts  of 
calcium  (the  carbonate,  phosphate,  borate,  and  oxalate)  are  insoluble 
in  water  ;  besides  which  the  sulphate  is  only  sparingly  soluble  in 
water.  As  a  more  energetic  base  than  magnesia,  lime  forms  salts, 
CaXj,  which  are  distinguished  by  their  constancy  in  comparison  with 
the  salts,  MgXj ;  neither  does  lime  so  easily  form  basic  and  double 
salts  as  magnesia. 

Just  as  oxygen  does  not  combine  with  hydrogen  unless  aided  by  a 
rise  of  temperature,  so  also  lime  does  not  absorb  dry  carbonic  anhf/dride 
at  the  ordinary  temperature.  This  was  already  known  by  Scheele,  and 
Prof.  Schuliachenko  showed  that  there  is  no  absorption  even  at  360°. 
It  only  proceeds  at  a  red  heat,"*^  and  then  the  absorption  only  leads  to 

4*  Professor  Glinku  measured  the  transparent  bright  crystals  of  calcium  hydroxide 
which  are  formed  in  common  hydraulic  (Portland)  cement. 

**  The  act  of  heating  brings  the  substance  into  tliat  state  of  internal  movement  which 
is  required  for  reaction.  One  would  think  that  by  the  act  of  heating  not  only  is  the 
bond  between  the  parts,  or  cohesion  of  the  molecules,  altered  (generally  diminished),  not 
only  is  the  movement  or  store  of  energy  of  the  whole  molecule  increased,  but  also  that  in 
all  probability  the  very  movement  of  the  atoms  in  molecules  undergoes  a  change.  The 
same  kind  of  change  is  accomplished  by  the  act  of  solution,  or  of  combination  in  general, 
judging  from  the  fact  that  a  dissolved  or  combined  substance — for  instance,  lime  with 
water — reacts  on  carbonic  anhydride  as  it  does  under  the  action  of  heat.  For  the  com- 
prehension of  chemical  phenomena  it  is  exceedingly  useful  to  cleal*ly  see  this  parallelianx. 
Rose's  observation  on  the  formation  (by  the  slow  diffusion  of  solutions  of  calcium  chloride 
and  sodium  carbonate)  of  aragonite  from  dilute,  and  of  calc  spar  from  strong,  solutions, 
is  easily  understood  from  this  point  of  view.  As  aragonite  is  always  formed  from  hot 
solutions,  therefore  dilution  with  water  f^cts  like  heat.  The  following  experiment  of 
Euhlmann  is  particularly  instructive  in  this  sense.  Anhydrous  (perfectly  dry)  barium 
oxide  does  not  react  with  monohydrated  sulphuric  acid,  H2SO4  (containing  neither  free 
water  nor  anhydride,  SO3).  But  directly  an  incandescent  object  or  a  moist  substance  is 
brought  into  contact  with  the  mixture  a  violent  reaction  inmiediately  begins  (it  is  essen- 
tially the  same  as  combustion),  and  the  whole  mass  reacts. 

The  influence  of  solution  on  the  process  of  reaction  is  instructively  illustrated  by  the 
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the  formation  of  a  mixture  of  calcium  oxide  and  carbonate  (Rose). 
But  if  the  lime  be  slaked  or  taken  in  solution,  then  the  absorption  of 
carbonic  anhydride  proceeds  rapidly  and  to  the  end.  These  phenomena 
are  connected  with  the  dissociation  oj  calcium  carbonate,  studied  by 
Debray  (1867)  under  the  influence  of  the  conceptions  of  dissociation 
introduced  into  science  by  Henri  Sainte-Claire  Deville.  Just  as  there  is 
no  vapour  tension  for  non- volatile  substances,  so  there  is  no  dissociation 
tension  of  carbonic  anhydride  for  calcium  carbonate  at  the  ordinary 
temperature.  Just  as  every  volatile  substance  has  a  maximum  possible 
vapour  tension  for  every  temperature,  so  also  calcium  carbonate  has 
its  corresponding  dissociation  terision  ;  thus  at  770°  (the  boiling  point 
of  cadmium)  about  85  mm.  (of  the  mercury  column),  and  at  930°  (the 
boiling  point  of  Zn)  it  is  about  520  mm.  As,  if  the  tension  be  greater^ 
there  will  be  no  evaporation,  so  also  there  will  be  no  decomposition. 
Debray  took  crystals  of  calc  spar,  and  could  not  observe  the  least  change 
in  them  at  the  boiling  point  of  zinc  (930°)  in  an  atmosphere  of  carbonic 
anhydride  taken  at  the  atmospheric  pressure  (760  mm.),  whilst,  on  the 
other  hand,  calcium  carbonate  may  be  completely  decomposed  at  a 
much  lower  temperature  if  the  tension  of  the  carbonic  anhydride  be 
less  than  the  dissociation  tension,  which  may  be  arrived  at  either  by 
directly  pumping  away  the  gas  with  an  air-pump,  or  by  mixing  it  with 
some  other  gas — that  is,  by  diminishing  the  partial  pressure  of  the 
carbonic  anhydride,^^  just  as  an  object  may  be  dried  at  the  ordinary 
temperature  by  removing  the  aqueous  vapour  or  by  carrying  it  off  in 
a  stream  of  another  gas.  Thus  it  is  possible  to  obtain  calcium  carbo- 
nate from  lime  and  carbonic  anhydride  at  a  certain  temperature  above 
that  at  which  dissociation  begins,  and  conversely  to  decompose  calcium 
carbonate  at  the  same  temperature  into  lime  and  carbonic  anhydride.**^ 

following  experiment.  Lime,  or  barium  oxide,  is  placed  in  a  flask  or  retort  having  an 
upper  orifice  and  connected  with  a  tube  immersed  in  mercury.  A  funnel  furnished  with 
a  stopcock  and  filled  with  water  is  fixed  into  the  upper  orifice  of  the  retort,  which  is  then 
filled  with  dry  carbonic  anhydride.  There  is  no  absorption.  When  the  temperature  of 
equilibrium  is  arrived  at,  the  unslaked  oxide  is  made  to  absorb  all  the  carbonic  anhydride 
by  carefully  letting  in  water.  A  vacuum  is  formed,  as  is  seen  by  the  mercury  rising 
up  the  neck  of  the  retort.  With  water  the  absorption  goes  on  to  the  end,  whilst  under 
the  action  of  heat  there  remains  the  dissociating  tension  of  the  carbonic  anhydride. 
Furthermore,  we  here  see  that,  with  a  certain  resemblance,  there  is  also  a  distinction^ 
depending  on  the  fact  that  at  low  temperatures  calcium  carbonate  does  not  dissociate ; 
this  determines  the  complete  absorption  of  the  carbonic  anhydride  in  the  aqueous 
solution. 

^  Experience  has  long  shown  that  by  moistening  partially-burnt  lime  with  water 
and  re-heating  it,  it  is  easy  to  drive  off  the  last  traces  of  carbonic  anhydride  from  it,  and 
that,  in  general,  by  blowing  air  or  steam  through  the  lime,  and  even  by  using  moist  fuel^ 
it  is  possible  to  accelerate  the  decomposition  of  the  calcium  carbonate.  The  partial  pres- 
sure is  decreased  by  these  means. 

^  Before  Deville's  conception  of  dissociation,  the  modus  operandi  of  decompo* 
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At  the  ordiDary  temperature  the  reaction  of  the  first  order  (oombi- 
nation)  cannot  proceed  because  the  second  (decomposition,  dissociation) 

•hiofifl  like  tiuit  ander  conffidenitioa  was  andentood  in  the  iens^  tiua  decompocitian 
utmrtn  at  a  ccntain  ttmperAlnn^  thmt  it  i«  acceleralfed  bj  a  rise  of  temperatore.  boi  it  v«s 
not  conmdered  po«ibl«  tiutt  combiiuitioti  could  pcoceed  At  the  Mune  temperature  as  tibat 
at  vhich  decompocitian  j^^es  on.  BerthoUet  and  DeriDe  introduced  the  coocepCkm  of 
eqnilibriam  into  chemical  science,  and  elucidated  the  question  of  reversible  reactiooa. 
Natnrallj  the  subject  i«  yet  far  from  bein^  clear — the  qnestiona  ol  the  rate  ax^  complcte- 
netMi  of  reaction,  of  contact,  ^'c,  still  intrude  themaelvea — but  an  important  «tep  haabeen 
made  in  chemical  mechanics,  and  it  haa  been  made  in  this  direction  thank**  to  the 
working  out  of  many  data  in  the  sense  indicated  br  the  doctrines  of  BerthoUet  and 
Derille.  Beaides  Deville  himself,  the  French  chemists  Debray,  Troost,  Lemoine, 
Hantefeuille,  Le  Chatelier,  and  others  have  done  modi  in  vorking  out  the  problems 
touching  on  disnociation. 

In  order  lo  shov  the  exact  resemblance  betveen  the  phenomena  of  evap<»ation  and 
diMociation,  it  will  be  enough  to  mention  that  the  amount  of  heat  absorbed  by  a  disso- 
ciating hubfttance  may  be  calculated  according  to  the  lav  of  the  variation  of  diseociation- 
pres4ure,  in  exactly  the  same  manner  as  it  is  possible  to  calculate  the  latent  heat  of 
the  evap^jration  of  water,  knowing  the  variation  of  the  tension  with  the  temperature, 
on  the  baniH  of  the  becond  law  of  the  mechanical  theory  of  hcrat.    This  dependence 

may  be  exjiressed  by  the  equation:   ■*^L*t(^— jv)  ,   .r   where    L    is    the    latent 

heat  of  evaporation,  424  the  mechanical  equivalent  of  heat,  T  the  absolute  temper- 
ature of  transformation,  T  =  27S  -rt^  d  the  weight  of  a  cubic  measure  of  the  substance 
before,  and  D  after,  the  transformation  into  vapour;  and  therefore  1  J  — 1  D  is  the 
change  of  volume  proceeding  in  the  transformation,  and  la*«tly  d  ipt  Dc/i/i  is  the 
liToduct  of  the  pressure  by  the  temperature,  or  the  variation  of  tension  (expressed 
in  units  of  weight  and  length)  dinded  by  the  variation  of  temperature.  In  the  case 
of  HU;am,  taking  the  metre  and  kilogram  as  units,  we  find,  according  to  the  data  given 
in  Chapter  I.,  that  when  <  =  100 —that  is,  when  T  =  373- — the  change  of  volume  is 
10.*>*2  (\niCBiUH('.  one  cubic  metre  of  steam  at  100-  weighs  Ot*)0.>  kilo.,  whilst  a  cubic 
metre  of  water  at  100'  weighs  IHJO  kilo.j.  The  magnitude  of  the  pn>daet  for  steam  at 
100'  is  found  from  tne  fact  that  vapour  tension  of  steam  at  100'  varies  by  27  mm.  of 
the  in«.'rcury  column  for  a  variation  of  1'-  temperature.  Hence  the  magnitude  of  the 
variation  of  pressure  in  kilograms  per  square  metre  =  0*027  x  1351X5  =  367.  Hence  the 
magnitude  of  the  right-hand  side  of  the  equation  is  373  x  10.V2  x  3i»7  =  226144  ;  and  the 
other  side  of  the  equation  is  536  x  424  =  227264.  That  is,  both  parts  are  eijual  within  the 
limits  of  accuracy  of  the  data,  and  therefore  the  quantity  of  heat,  L,  expended  in  evajx)- 
ration  is  determined  from  the  variation  of  tension  and  density.  It  i^.  the  same  with 
disH^>ciation.  As  an  example  we  will  cite  the  data  obtained  by  Troost  and  Hantefeuille 
for  the  hydrides  of  (lotassinm  and  sodium,  /  being  the  temj^jrature,  and  h  the  disso- 
ciation i>resBUre  corresiK)i)ding  with  it  in  millimetres  of  the  mercury  column — 

t      =-830'  340^^  3.>0^  360  400=  430 

K^H,  /*      ^    4.-)  58  72  9»  548  1100 

NjH^H, /i      -    28  40  57  75  447  UIO 

Henc«  it  follows  that  in  the  case  of  K.^H  tlie  rise  of  pressure  i>er  degree  at  about  SoO^' 
is  upproxiniately  equal  to  2  mm.  of  the  mercury  column,  or  the  i)roduct  =  27  kilo.  i>er 
s<]uare  metre.  The  magnitude  of  the  variation  of  volume  is  found  from  the  fact  tliat  the 
weight  of  a  cubic  metro  of  hydrogen  at  350'"  and  72  nmi.  pressure  =  00037  kilo.  Hence 
the  variation  of  volume  is  nearly  270.  As  ^  =  350°,  tlierefore  T  =  623,  and  therefore  we 
find  the  magnitude  of  L  from  the  equation  to  be  nearly  10000  calories— that  is,  judging 
from  the  variation  of  the  dissociation  pressure  of  potassium  liy<lride,  there  is  developed 
jn  its  formation  about  10000  calories  i)er  gram  of  hydrogen  combined.     This  figure  has 
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cannot  take  place,  and  thus  all  the  most  important  phenomena  with  re- 
Bpect  to  the  l>ehaviour  of  lime  towards  carbonic  mihydride  are  Bxplflined 
by  atarting  from  one  common  basis, '^ 

Caicium  carbonate,  CaCO,,— which  occurs,  as  has  ah-eady  Ijeen 
mentioned,  in  limestone,  marble,  io. — is  sometimes  met  with  in  nature 
in  a  crystalline  form,  and  it  forms  an  example  of  the  plienomenon 
termed  dimorpUhm — that  ia,  it  appears  in  two  crystalline  forms. 
When  it  exhibits  combination.>«  of  foniis  belonging  to  the  hexagonal 
aystem  (sis-aided  prisms,  rhombohedra,  itc.)  it  is  called  ealc  spar. 
Calc  spar  haa  a  specific  gravity  of  2'7,  and  is  fui-ther  characterisefl  by 
n,  distinct  cleavage  along  the  planes  of  the  fundamental  rhorabohedron 
having  an  angle  of  105°.  Perfectly  transparent  Iceland  spar  presents 
a  clear  example  of  double  refraction  (for  which  reason  it  is  frequently 

not  been  Terified  bj-  eiperiment,  nor  has  the  cMilculnted  figure  ol  18  caloriea  for  the  tor- 
mRtion  ol  iioilitim  liyrlride,  N113H,  ut  BOU  been  verified ;  bat  tlic  flgnro  o(  41  culoriea 
ealcDlat«d  (10°)  by  MonUer  from  Trooat'i  data  for  the  diaBocialion  preesure  o[  panodiam 
hydride,  entirely  agmw  with  the  direct  kbuIIh  ot  Favce,  which  slioved  thtt  BUch  grain  nl 
hydrogen  whioh  cnnibineB  with  paltadinm  ul  the  ordinate  tempvruluTe  develops  i'lT-l 
^wlorisB,  and  theretore  one  and  the  tame  eoneeplHia  of  the  mechanii^iil  theory  of  faeut 
U  aj/pUettble  to  diiKieialioti  uad  etnifnrratittn,  Xhe  heat  evolved  in  the  abBorption  ot 
hydnigen  dependn.  DatunUly,  not  only  on  the  phyirical  process  of  the  condentation  of  the 
gas,  but  also  nn  the  (onuation  of  a  new  cbeniical  compound,  hb  in  eeen  from  the  (act  that 
'difFereut  oietaU  in  abiwrhing  a  gram  ot  hydtogen  develop  a  dilTereut  amount  of  beat — 
namely,  palladium  4  calories,  potagKinm  10  palorieB,  eodiom  13  calories,  platinum  90 
oalOTiefl — and  therefore  in  the  concordance  of  calculation  with  fact  we  should  aee, 
not  an  identity,  hut  only  a  leaemblance  bxtween  the  phenomena  of  diasociation  and 

*^  Bat  Mill  the  (juestion  oa  to  the  formation  of  a  basic  calcium  carbonate  remainn 
nndu^ided-  Accurdiufc  to  certain  data  one  would  think  that,  with  a  riiiB  of  temperature, 
not  only  calcium  carbonate  but  also  a  basic  Halt  may  be  formed,  which,  however,  is 
denied  by  certain  in'esligalors.  Probably  the  preseoue  of  water  uimplicatss  all  the  re- 
lations between  lime  and  carbonic  anhydride,  all  the  more  aa  the  eiiHtenco  ol  an  attrnc- 
tion  between  calcium  carbonate  luid  water  is  seen  tram  its  being  able  to  give  a  cryilailo- 
hii'lrate,  CaCOj,fiH]0  (Pelouze,  Babn-Homlnuu'),  which  cryitallisea  in  rhombic  prisms  ot 
dp.  gr.  about  ITT  and  loses  its  water  at  S0°.  These  crystalsareobtaiued  when  a  solution 
of  iime  in  sugar  and  water  is  left  long  exposed  to  the  aur  and  slowly  attnwt*  carbonic 
anhydride  from  it,  and  also  by  the  evaporation  of  such  a  solution  at  a  temperature  of 
about  8".  On  the  other  hand,  it  ii  probable  that  an  acid  sail  CaU,(COt),  is  formed  in 
an  aqueous  solution,  not  only  beuause  water  oontaining  carbonic  acid  dissolves  calDimn 
carbonate,  but  more  especially  jndgiug  by  the  researches  of  Bchlocsiug(lST3), which  showed 
that  at  in''  B  litre  ol  water  in  an  atmosphere  ol  carbonie  anhydride  (pressure  0DH4  atmo- 
s|ibere)  dissolves  I'DHH  grama  ol  calcinm  carbonate  and  I'lTH  grams  of  carbonic  anhydride, 
which  corresponds  with  the  formation  of  ualcinni  hydrogen  oaTbooato,  and  the  solntion 
of  carbonic  anhydride  in  the  remaining  water.  Care  showed  that  a,  litre  of  water  is  able 
to  dissolve  aamuch  as  S  grams  of  calcinm  carbonate  if  the  pressure  be  increased  lol  and 
more  atmospheres.  The  calcium  carbonate  is  prucipitated  when  the  carbonic  anhydride 
]iB«ses  oft  in  the  air  or  in  a  current  ot  another  gas ;  thie  also  lakes  place  in  many  natural 
springs.  Tula,  stalactites,  and  other  like  lonuations  from  wa(«rs  containing  calcium 
carhouate  and  carbnnio  add  in  solution,  are  formed  in  this  manner.  The  solability  uf 
culoiom  carbonate  jteell  at  the  ordinary  tcmperatum  does  not  exceed  IS  liiilligrams  per 
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employed  in  physical  apparatus).  The  other  form  of  calcium  c^bonate 
occurs  in  crystals  belonging  to  the  rhombic  system,  and  it  is  then 
called  aragonite  ;  its  specific  gravity  is  3*0.  If  calcium  carbonate  is 
artificially  produced  by  slow  crystallisation  at  the  ordinary  temperature, 
then  it  appears  in  the  rhombohedral  form,  but  if  the  crystallisation  be 
aided  by  heat  then  it  appears  as  aragonite.  One  may  suppose,  there- 
fore, that  calc  spar  presents  the  form  corresponding  with  a  low  temper- 
ature, and  aragonite  with  a  higher  temperature  during  crystallisation.^^ 
Calcium  sulphate  in  combination  with  two  eqiiivalents  of  water, 
CaS04,2H20,  is  very  widely  distributed  in  nature,  and  is  known  as 
gypsum.  Gypsum  loses  its  two  equivalents  of  water  at  a  moderate 
temperature,^^  and  anhydrous  or  burnt  gypsum  is  then  obtained,  which 
is  also  known  as  plaster  of  Paris,  and  is  employed  in  large  quantities 
for  modelling."*®  This  use  depends  on  the  fact  that  burnt  and  finely- 
divided  and  sifted  gypsum  forms  a  paste  when  mixed  with  water ;. 
after  a  certain  time  this  paste  becomes  slightly  heated  and  solidifies^ 
owing  to  the  fact  that  the  anhydrous  calcium  sulphate,  CaS04,  again 
combines  with  water.  When  the  plaster  of  Paris  and  water  are  first 
made  into  a  paste  they  form  a  mechanical  mixture,  but  when  the  mass 


^^  When  calcium  carbonate  separates  out  from  solutions,  it  at  first  has  a  gelatinoua 
appearance,  which  leads  one  to  think  that  this  salt  appears  in  a  colloidal  state.  It  only 
cryHtallises  with  the  progress  of  time.  The  colloidal  state  of  calcium  carbonate  is  parti- 
cularly clear  from  the  following  observations  made  by  Prof.  Famintsin,  who  showed  that 
when  it  separates  from  solutions  it  is  obtained  under  certain  conditions  in  the  form  of 
grains  having  the  peculiar  paste-like  structure  proper  to  starch,  which  fact  has  not  only 
an  independent  interest,  but  presents  an  example  of  a  mineral  substance  being  obtained 
in  a  form  until  then  only  known  in  the  organic  substances  elaborated  in  plants.  This 
shows  that  the  fonns  (cells,  vessels,  iVrc.)  in  which  vegetable  and  animal  substances 
occur  in  organisms  do  not  present  in  tliemselves  anything  peculiar  to  organisms, 
but  are  only  the  result  of  those  particular  conditions  in  which  these  substances  are 
formed.  Traube  and  afterwards  Monnier  and  Vogt  (1882)  obtained  formations  which, 
under  the  microscope,  were  in  every  respect  identical  in  appearance  with  vegetable  cells^ 
by  means  of  a  similar  slow  formation  of  precipitates  (by  reacting  on  sulphates  of 
different  metals  with  sodium  silicate  or  carbonate).  Owing  to  its  insolubility  in  water,. 
calcium  carbonate  may  be  easily  obtained  from  any  other  soluble  calcium  salt  by  the 
addition  of  a  solution  of  an  alkali  carbonate ;  for  example,  ammonium  carbonate. 

^'  According  to  Le  Cluitelier  (1888),  liHjO  is  lost  at  120°— that  is,  H20,2CaS04 
is  formed,  but  at  104°  all  the  water  is  exi)elled.  According  to  Shenstone  and  Cundall 
(18H«)  gj'psum  begins  to  lose  water  at  70^  in  dry  air.  The  semi-hydrated  compound,. 
H.20.2CaS04,  is  also  formed  when  gypsum  is  heated  with  water  in  a  closed  vessel  at  150^ 
(Hoppe-Seyler). 

^'^  For  stncco-work  it  is  usual  to  add  lime  and  sand,  as  the  mass  is  then  harder  and 
does  not  solidify  so  quickly.  For  imitating  marble,  glue  is  added  to  the  plaster,  and  the 
mass  is  polished  when  thoroughly  dry.  Rebumt  gypsum  cannot  be  used  over  again,  as 
that  which  has  once  solidified  is,  like  the  natural  anhydride,  not  able  to  re-combine  with 
water.  It  is  evident  tliat  the  structure  of  the  molecules  in  tlie  crystallised  mass,  or  in 
general  in  any  dense  mass,  exerts  an  influence  on  the  chemical  action,  as  is  particularly 
clearly  seen  in  metals  in  their  different  forms  (powder,  crystalline,  rolled,  «fec.). 
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soUdifies,  then  a  compound  of  the  calcium  sulphate  with  two  molecules 
of  water  is  produced ;  and  this  may  be  regarded  as  derived  from  S(OH)g 
by  the  substitution  of  two  atoms  of  hydrogen  by  one  atom  of  bivalent 
calcium.  Natural  gypsum  sometimes  appears  as  perfectly  colourless, 
or  variegated  marble-like,  masses,  and  sometimes  in  perfectly  colourless 
crystals,  aelenite^  of  sp.  gr.  2*33.  The  semi-transparent  gypsum,  or 
alabaster,  is  often  carved  into  small  statues.  Besides  which  an  anhy- 
drous calcium  sulphate,  CaS04,  called  anhydrite  (sp.  gr.  2*97),  occurs 
in  nature.  It  sometimes  occurs  along  with  gypsum.  It  is  no  longer 
capable  of  combining  directly  with  water,  and  differs  in  this  respect 
from  the  anhydrous  salt  obtained  by  gently  igniting  gypsum.  If 
gypsum  be  very  strongly  heated  it  shrinks  and  loses  its  power  of 
combining  with  water.  Gypsum  also  passes  into  anhydrite  if  it  be 
heated  in  water,  if  the  temperature  be  as  high  as  150^.  One  part 
of  calcium  sulphate  requires  at  0°  525  parts  of  water  for  solution, 
at  38°  466  parts,  and  at  100°  517  parts  of  water.  The  maximum 
solubility,  which  is  at  about  36°,  is  nearly  the  same  as  that  of  sodium 
sulphate."*^ 

As  lime  is  a  more  energetic  base  than  magnesia,  so  calcium  chloride, 
CaClj,  is  not  so  easily  decomposed  by  water,  and  its  solutions  only 
disengage  a  small  quantity  of  hydrochloric  acid  when  evaporated,  and 
when  the  evaporation  is  conducted  in  a  stream  of  hydrochloric  acid  it 
easily  gives  an  anhydrous  salt  which  fuses  at  719°  ;  otherwise  an 
aqueous  solution  yields  a  crystallo-hydrate,  CaCl2,6H20,  which  melts 
at  28°.'^o 

^*  As  Marignac  showed,  gjrpBum  eHpecially  desiccated  at  120°  easily  gives  supersatu- 
rated solutions  with  respect  to  CaS04,2H<20,  which  contain  as  much  as  1  part  of  CaS04 
to  110  parts  of  water.  Boiling  dilute  hydrochloric  acid  dissolves  gypsum,  forming  cal- 
cium chloride.  The  behaviour  of  gypsum  towards  the  alkali  carbonates  has  been  de- 
scribed in  Chap.  X.  Alcohol  precipitates  gypsum  from  its  aqueous  solutions,  becausCi 
like  the  sulphates  in  general,  it  is  sparingly  soluble  in  alcohol.  Gypsum,  like  all  the  sul- 
phates, when  heated  with  charcoal,  gives  up  its  oxygen,  forming  the  sulphide,  CaS. 

Calcium  sulphate,  like  magnesium  sulphate,  is  capable  of  forming  double  salts,  but 
with  difficulty,  and  they  are  chemically  less  stable.  They  contain,  as  is  always  the  case 
with  double  salts,  less  water  of  crystallisation  than  the  component  salts.  Rose,  Phillips, 
Schott,  Stchefarovitch,  Struv^,  Ditte,  and  others  obtained  the  salt  CaK2(S04)2,HsO ; 
a  mixture  of  gypsum  with  an  equivalent  amount  of  potassium  sulphate  and  water 
solidifies  into  a  homogeneous  mass.  Fritzsche  obtained  the  corresponding  sodium  salt 
in  a  hydrated  and  anhydrous  state,  by  heating  a  mixture  of  gypsum  with  a  saturated 
solution* of  sodium  sulphate.  The  anhydrous  salt  occurs  in  nature  as  glauherite, 
Fritzsche  also  obtained  gaylussitey  Na3Ca(C03)2,5H30,  by  pouring  a  saturated  solution 
of  sodium  carbonate  over  freshly-precipitated  calcium  carbonate. 

^  Calcium  chloride  has  a  specific  gravity  2*20,  or,  when  fused,  2'12,  and  the  sp.  gr.  of 
the  crystallised  salt  CaCl3,6H)0  is  l'G9.  If  the  volume  of  the  crystals  at  O^al,  then  at 
29°  it  is  1'020,  and  the  volume  of  the  fused  mass  at  the  same  temperature  is  I'llS  (Kopp) 
(sx)ecific  gravity  of  solutions,  see  Note  27).  The  solution  containing  50  p.c.  CaCl2  boila 
at  180,  70  p.c.  at  158°.    Superheated  steam  decomposes  calcium  chloride  with  more  difR- 
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As  for  potassium,  K^39  {and  sodium,  Na^23),  there  are  the 
near  analogues,  Rb!=8S  and  Cs^l33,  and  also  another,  Li  ^7,  so 
in  exactly  the  same  manner  for  calcium,  Ca  =  40  {and  magnesium, 
Mg  ^  24),  there  is  another  analogue  of  lighter  atomic  weight,  nr 
beryllium,  Be^  9,  besides  the  near  analogues,  strontium,  Sr  ^  87,  and 
barium,  Ba^lST.  As  rubidium  and  caesium  are  moi-e  rarely  met 
with  in  nature  than  potassium,  so  also  strontium  and  barium  are  rarer 

cnlty  tlum  magnBBiuin  cWoride  aud  wilk  grenter  oaee  than  barium  cMorido  (Kabaheim). 
Si^dium  doGn  not  decompose  fuaed  caluium  chloride  even  with  further  heating  (LuFa- 
Bodart),  bat  an  alloy  of  sodium  with  linu,  lead,  or  bismuth  decompoiea  it,  toiiaiag  on 
alloy  of  calcium  viUi  one  of  the  aboTe-nomed  metals  (Caron).  The  Eiuc  alloy  ma]'  bn 
obtained  with  as  much  as  IG  p,c.  of  calcium.  Calcium  chloride  ia  itoluble  in  olcohol  and 
(.bsorbs  anunonia. 


Rooiebnom  miide  detailed  re«eatahe«  on  the  cryatatlo-hydnitej  of  cnlcium  t^loride 
(ISeU),  and  found  that  CBC1„1HgO  meltH  at  U0-9°,  and  is  formed  at  low  t«mt>enkturt>»  from 
BolatiouB  uuitoiniDg  not  more  than  101>  ports  of  calcium  chloride  per  100  parte  of  water ;  if 
the  amount  of  salt  (always  to  100  iHUts  of  water)  reaches  HO  parte,  then  tabular  <!ry>tals 
of  L'aCli„4HiO^  are  formed,  which  at  temperatures  above  Sa'l°  are  converted  intd  the 
crystollo-bydrates  CaCl2,2H30,  whilst  at  temperatures  below  IS"  the  variety  S  pafeaesinto 
the  more  stable  CaClt,lHiOa,  which  process  is  aided  by  mechanical  friction.  Hence,  at, 
in  the  case  with  magnesium  sulphale  (Note  ST),  one  and  llie  same  cryEtallo-bydiBte  ap- 
yuniB  in  two  forma— the  ^,wluch  easily  forms,  bat  does  not  keep  and  is  unstable,  ojid  tlM 
other,  0,  which  is  stable.  The  solubility  of  tbe  above-mentioned  hydmtea  of  chlozUn^H 
calcium,  or  amount  of  calcium  chloride  per  IIW  ports  of  water,  is  as  (ollowa: —  ^^HH 

o"  -M'  Ho°  to"  eof     ^^H 

CbC1„«H,0  OU  Tfi  100  [lOa-S)  ^^H 

CaCMHgOa  -  HO  101  117,  (huhA^^^I 

C,^Ci,^S,O0  -  lili  114  -    1  l^'^TW^^™ 

CaCl.j,aH30  —  —  (SOH'jtj  138  18T  ^^^| 

The  amount  of  caldutn  clilaride  tu  100  ports  of  water  in  the  crystal lo-hr^tq^^^l 
given  in  brackets.  The  point  of  intersection  of  the  curves  o[  solubility  bes  at  alwrt 
80'  for  the  first  two  salts  and  about  45°  (or  the  salts  with  4H5O  and  SHjO.  The  oryMali 
CaCl^jSHgO  may,  however,  be  obtained  (Ditto)  at  the  ordinary  temperature  from  aolv- 
tions  containing  hydrochloric  acid.  Tbe  vapour  tension  of  this  cryslallo-bydrote  equals 
the  atmospheric  at  106°,  and  therefore  the  orystola  may  be  dried  in  an  atniosphete  af 
steam  and  obtained  without  a  mother  licguor,  whose  vapour  tension  is  greater.  Thia 
erystallo-hydrate  decomiKises  at  about  17B°  into  CaClj,HjO  and  a  solntiuu ;  this  is  ewOj 
brought  about  in  a  dosed  vessel  when  the  pressure  is  greater  than  the  atmospHero- 
This  GrfBt&llo-bydrate  is  destroyed  at  tempeiulurex  above  300°,  anhydrooa  ualcinm 
chloride  beinj^  formed. 

On  the  other  hand,  Hommerl  showed  that  solutions  of  calcium  chloride,  when  ft^too, 
deposit  ice  if  they  contain  less  than  40  ports  of  salt  per  100  of  water,  and  if  more  tlie 
orystallo-hydrate  CaCLi,GUiO  separates,  and  that  u  uilution  of  the  aboi  u  composibiMi 
{CaCli,14H,iO  requires  440  parts  calcium  chloride  per  100  of  water)  lolidiSes  as  a  cryo- 
bydrate  at  about  — GG".  Thus  the  solubility  of  calcium  chloride  is  better  known  Ihaii 
that  of  any  other  salt. 

Neglecting  the  unstable  equilibrium  CaC1.^4H.,Oia.  no  will  cite  the  lemperatorea  t  at 
which  the  passage  of  one  hydrate  into  snotlii^r  tnki'n  place  and  at  which  the  aolntiun 
CoCli-j-nH^O,  the  two  solids  A  and  B  and  aqueous  vapDUi,  whose  tension  is  given  oj 
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than  calcium  (as  also  bromine  and  iodine  are  rarer  than  chlorine). 
Whilst  exhibiting  many  points  of  resemblance  with  calcium,  strontium 
and  barium  may  be  characterised  after  a  very  short  acquaintance  with 
their  chief  compounds ;  this  shows  the  important  advantages  gained  by 
distributing  the  elements  according  to  their  natural  groups,  to  which 
matter  we  shall  turn  our  attention  in  the  next  chapter. 

Among  the  compounds  of  barium  met  with  in  nature  the  commonest 
is  the  sulphate,  BaS04,  which  forms  anhydrous  crystals  of  the  rhombic 
system,  which  are  identical  in  their  crystalline  form  with  anhydrite, 
and  which  generally  occur  as  transparent  and  semi-transparent  masses 
of  tabular  crystals  having  a  high  specific  gravity,  namely  4*45,  for  which 
reason  this  salt  bears  the  name  of  h^avy  spar  or  barytes.  Analogous  to 
it  is  celestine,  SrS04,  which  is,  however,  more  rarely  met  with  ;  heavy 
spar  frequently  forms  the  gangue  separated  on  dressing  metallic  ores 
from  the  vein  stuff.  This  minei*al  is  the  source  of  all  other  barium 
compounds,  because  the  carbonate,  although  more  easily  transformed 
into  tlie  other  compounds  (because  acids  act  directly  on  it,  evolving 
carbonic  anhydride),  is,  however,  a  comparatively  rare  mineral  (BaCOg 
forms  the  mineral  loitherite ;  SrCOa,  sirontianite ;  both  are  rare,  the 
latter  is  found  at  Etna).  The  treatment  of  barium  sulphate  is 
rendered  difficult  from  the  fact  that  it  is  insoluble  l)oth  in  water  and 
acids,  and  has  therefore  to  be  conducted  by  a  method  of  reduction."^* 
Like  sodium  sulphate  and  calcium  sulphate,  heavy  spar  when  heated 
with  charcoal  parts  with  its  oxygen  and  forms  Imrium  sulphide,  BaS. 
For  this  purpose  a  pasty  mixture  of  powdered  heavy  spar,  charcoal, 
and  tar  is  subjected  to  the  action  of  a  strong  heat,  in  which  case 
BaSO^  +  4C  =  BaS  +  4C0.  The  residue  is  then  treated  with  water,  in 
which  the  barium  sulphide  is  soluble.-^^    When  boiled  with  hydrochloric 

in  millimotreH,  are  able  to  exist  together  in  Ktable  equilibrinm,  according  to  Roozeboom'H 
detenninutionB — 
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7» 

A 

B 
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IK 

CttCl.^,H.^O 
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Several  atmospheres. 

Solutions  of  calcinm  chloride  may  8<»r\'e  as  a  convenient  example  for  the  study  of  the 
KuperKaturatcMl  state,  which  easily  comes  about  in  this  ease,  because  different  hydrates 
are  formed.  Thus  at  2.')0  solutions  containing  more  than  83  parts  of  anhydrous  calcium 
chloride  per  100  of  water  will  be  sui)erKatu rated  for  the  hydrate  CaCl.^jOH.^O. 

**  Tlie  action  of  V»arinni  sulphate  on  smiium  and  potassinm  carlwnates  is  given  on 
p.  427. 

"  Barium  sulphide  is  decomposed  by  water,  BaS  +  aHjO  =  H.^S -»- Ba(0H)3  (t^^o  reac- 
tion is  reversible),  but  l>oth  substances  are  soluble  in  water,  and  their  separation  is  com- 
plicated by  the  fact  that  barium  sulphide  absorbs  oxyg«n  and  gives  insoluble  barium 
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acid,  barium  chloride,  BaCljf  ^  obtained  in  solotion,  and  the  sulphur  is 
disengaged  as  gaseous  sulphuretted  hydrogen,  BaS + 2HCl^BaCl^  -H  H^. 
In  this  manner  barium  sulphate  is  converted  into  bariom  chloride,^ 
and  the  latter  by  double  decomposition  with  strong  nitric  acid  or  nitre 
gives   the   less   soluble  barium  nitrate,   Ba(N03)2,**  or  with   sodiom 

sulphate.  The  hydrogen  sulphide  is  sometimes  removed  from  the  solation  bj  bofling 
with  the  oxides  of  copper  or  zinc.  If  sugar  be  added  to  a  solation  of  barium,  sulphide, 
then  on  heating  barinm  saccharate  is  precipitated ;  it  is  deoompoaed  by  carbonic  anhy- 
dride, so  that  barium  carbonate  is  formed.  An  equivalent  mixture  of  sodium  sulphate 
with  barium  or  strontinm  sulphates  when  ignited  with  charcoal  gives  a  mixture  of 
Koditmi  sulphide  and  barium  or  strontium  sulphide,  and  if  this  mixture  be  dissolved  in 
water  and  the  solution  evaporated,  then  barium  or  strontium  hydroxide  crystallises  out 
on  cooling,  and  sodium  hydrosulphide,  NaHS,  is  obtained  in  solution.  The  hydroxides 
BaH^Oj  and  SrH^Oj  are  prepared  on  a  large  scale,  being  applied  to  many  reactions ;  for 
example,  strontinm  hydroxide  is  prex>ared  for  sugar  works  for  extracting  crystallisable 
sugar  from  molasses. 

We  may  remark  that  Boussingault,  by  igniting  barium  sulphate  in  hydrochloric  acid 
gas,  obtained  a  complete  decomposition,  with  the  formation  of  baritmi  chloride.  Attention 
should  also  be  turned  to  the  fact  tliat  Grouven  by  heating  a  mixture  of  charcoal  and 
strontium  sulphate  with  magnesium  and  potassium  sulphates  showed  the  easy  decom- 
posability  depending  on  the  formation  of  double  salts,  such  as  SrS,K2$,  which  are  easily 
soluble  in  water,  and  give  a  precipitate  of  strontium  carbonate  with  carbonic  anhvdride. 
In  such  examples  as  these  we  see  that  the  force  which  binds  double  salts  may  play  a  part 
in  directing  the  course  of  reactions,  and  the  number  of  double  salts  of  silica  on  the  earth's 
surface  shows  that  nature  takes  advantage  of  these  forces  in  her  chemical  processes. 

^  Barium  sulphate  is  fiometimes  converted  into  barium  chloride  in  the  following 
manner :  finely-ground  barium  sulphate  is  heated  with  coal  and  manganese  chloride, 
forming  the  residue  from  the  manufacture  of  chlorine.  The  mass  becomes  semi-liquid, 
and  when  it  evolves  carbonic  oxide  the  heating  is  stopped.  The  following  double  decom- 
positions proce€?d  during  this  openition :  first  the  carbon  takes  up  the  oxygen  from  the 
barium  sulphate,  and  gives  sulphide,  BaS,  which  enters  into  double  decomposition  with 
the  cliloride  of  manganese.  MnCl..,  forming  manganese  sulphide,  MnS,  which  is  insoluble 
in  water,  and  soluble  barium  chloride.  Tliis  solution  is  easily  obtained  pure  because 
many  foreign  impurities,  such  as  iron,  remain  in  the  insoluble  portion  with  the  manganese. 
The  solution  of  barium  chloride  obtained  in  this  manner  is  chiefly  used  for  the  prepara- 
tion of  barium  sulpliate,  which  is  pr€*<ipitated  by  sulphuric  acid,  by  which  means  barium 
jfulphate  is  re-fonned  as  a  powder.  This  salt  is  characterised  by  the  fa<'t  that  it  is  unacted 
on  by  the  majority  of  chemical  reagents,  is  insoluble  in  water,  and  is  not  dissolved  bv 
acids,  but  is  slightly  acted  on  in  an  a<jueous  solution  by  the  prolonged  action  of  alkalis 
and  of  a  solution  of  the  alkali  carbonates  (with  sodium  carbonate,  for  instance,  after  pro- 
longed boiling,  the  solution  gives  barium  carbonate,  Chapter  X.).  Owing  to  this,  artificiiil 
barium  sulphate  forms  a  pcnminent  white  paint  which  is  used  instead  of  white  lead. 
Barium  white  does  not  alter  or  blacken  under  the  action  of  sulphuretted  hydn^en,  which 
affects  white  lead.     Hence  it  has  been  termed  '  blonc  fixt? '  or  *  i>ermanent  white.' 

The  solution  of  one  part  of  calcium  chloride  at  20-  requires  1'30  parts  of  water,  the 
solution  of  one  part  of  strontium  chloride  requires  1*88  parts  of  water  at  the  same  tem- 
perature, and  the  solution  of  barium  chloride  2*88  parts  of  water.  The  solubility  of  the 
bromides  and  iodides  varies  in  the  same  proiK^rtion.  The  chlorides  of  barium  and  stron- 
tium cr>'stalli*>c  out  from  solution  with  great  ease  in  combination  with  water; 'they 
fonn  BaCl-V-HjO  and  Sr(']j,r.H.O  itlie  latter  resi-nibles  the  salts  of  calcium  and  ma**- 
nesium  in  its  composition). 

*•  The  nitrates  SriNOji^  in  the  cold  its  solutions  give  a  crj-stallo-hydrate  containing 
4H.;0)  and  Ba(N().-'j  are  s»»  very  sparingly  soluble  in  water  that  they  separate  in  rather 
large  amounts  when  a  soluticm  of  sodium  nitrate  is  added  to  strong  solutions  of  barium 
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carbonate  a  precipitate  of  barium  carbonate,  BaCOg.  Both  these  salts 
Are  able  to  give  barium  oxide,  or  baryta^  BaO,  and  the  hydroxide, 
Ba(H0)2,  which  differs  from  lime  by  its  great  solubility  in  water,'**'* 
and  by  the  ease  with  which  it  forms  a  crystallo-hydrate,  BaHaOjjSHgO, 
from  its  solutions.  Owing  to  its  solubility,  baryta  is  frequently 
employed  in  the  manufactures  and  in  chemical  practice  as  an  alkali 
which  has  the  very  important  property  that  it  may  be  always  entirely 
removed  from  solution  by  the  addition  of  sulphuric  acid,  which 
entirely  separates  the  baryta  as  the  insoluble  sulphate,  BaS04.  It 
may  also  be  removed  so  long  as  it  remains  in  an  alkaline  state  (for 
example,  the  excess  which  may  remain  when  it  is  taken  for  saturating 
acids)  by  means  of  carbonic  anhydride,  which  also  entirely  precipitates 
barium  oxide  as  a  sparingly  soluble,  colourless,  and  powdery  carbonate. 
Both  these  reactions  show  that  baryta  has  such  properties  as  would 
render  its  use  in  practice  most  widely  extended  were  its  compounds 
as  widely  distributed  as  those  of  sodium  and  calcium,  and  if  its  soluble 
compounds  were  not  poisonous.  Barium  nitrate  is  directly  decomposed 
by  the  action  of  heat,  barium  oxide  being  left  behind.  The  same  takes 
place  with  barium  carbonate,  especially  that  precipitated  from  solutions 
and  when  mixed  with  charcoal  or  ignited  in  an  atmosphere  of  steam. 

Barium  oxide  combines  with  water  with  the  development  of  a  large 
amount  of  heat,  and  the  resultant  hydroxide  is  so  stable  in  its  retention 
of  the  water  that  it  will  not  part  with  it  under  the  action  of  heat 
alone,  although  it  entirely  dissociates  when  strongly  ignited  in  a  current 
of  hydrogen  or  other  gas,  and  especially  of  air.     With  oxygen  the 

or  Btrontimn  chlorides.  They  are  obtained  by  the  action  of  nitric  acid  on  the  carbonaten 
or  oxides.  They  may  also  be  obtained  by  the  action  of  nitric  acid  on  solutions  of  the 
chlorides,  all  the  more  as  they  are  comparatively  little  soluble,  eHpecially  in  water  con- 
taining nitric  acid—lOO  parts  of  water  at  15°  dissolve  65  parts  strontium  nitrate  and 
«'2  parts  of  barium  nitrate,  whilst  more  than  800  parts  of  calcium  nitrate  are  soluble 
at  the  same  temperature.  Strontium  nitrate  communicates  a  crimson  coloration  to  the 
flame  of  burning  substances,  and  is  therefore  frecjuently  used  for  Bengal  fire,  fireworks, 
and  signal  lights,  for  which  purpose  the  salts  of  lithium  are  still  l)etter  fitted.  Calcium 
nitrate  is  exceedingly  hygroscopic.  The  barium  nitrate,  on  the  contrarj-,  does  not  show 
this  property  in  the  least  degree,  and  in  this  respect  it  resembles  ]M)tassiuni  nitrate,  and 
is  therefore  used  instead  of  the  latter  for  the  preparation  of  a  ^npowder  which  is  called 
'  saxifragin powder'  (76  parts  of  barium  nitrate,  2  parts  of  nitre,  and  22  parts  of  charcoal). 
**  The  dissociation  of  the  crystallo-hydrate  of  baryta  is  given  in  Chapter  I.  Note  (ir>. 
100  parts  of  water  dissolve 

0°  20^  40^  fiO^  80*^ 

BaO  1-5  8-5  7'4  188  i)08 

SrO  0-8  0-7  1-4  8  » 

Supersaturated  solutions  are  easily  formed. 

The  anhydrous  oxide  BaO  fuses  in  the  oxyhydrojjen  flame.  When  i>onted  in  the 
vapour  of  potassium,  the  latter  takes  up  the  oxygen  ;  whilst  in  chlorine  the  <»xygen  in 
aeparated  and  barium  chloride  formed. 
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rence  in  nature,  to  the  absence  of  any  especially  distinct  individual 
properties,   and   to   the   possibility  of   foretelling   them  to  a  certain 
extent  on  the  basis  of  the  periodic  system  of  the  elements  given  in 
the  following  chapter,  and  owing  to  the  brevity  of  this  treatise,  we 
will  not  linger  long  over  the  compounds  of  beryllium,  and  will  only 
observe  tliat  the  individuality  of   the   compounds  of   beryllium  was 
pointed  out  in  1798  by  Vauquelin,  and  that  metallic  beryllium  was 
obtained  by  Wohler  and  Bussy.     Wohler  obtained  metallic  beryllium 
(like  magnesium)  by  acting  on  beryllium  chloride,  BeCl2,  with  potassium. 
Metallic  beryllium  has  a  sp.  gr.  1*64  (Nillson  and  Pettersson).     It  is 
very  infusible,  melting  at  nearly  the  same  tempei'ature  as  silver,  which 
it  resembles  in  its  white  colour  and  lustre.     It  is  characterised  by  the 
fact  that  it  is  very  difficultly  oxidised,  and  even  in  the  oxidising  flame 
of  a  blow-pipe  is  only  superficially  covered  by  a  coating  of  oxide  ;  it 
does   not   burn    in   pure   oxygen,  does   not  decompose  water  at  the 
oi-dinary  temperatui-e  or  at  a  red  heat,  but  gaseous  hydrochloric  acid 
is  decomposed  by  it  when  slightly  heated,  with  evolution  of  hydrogen 
and  development  of   a   considerable   amount  of  heat.      Even   dilute 
hydrochloric  acid  acts  in  the  same  manner  at  the  ordinary  temperature. 
Beryllium  also  acts  easily  on  sulphuric  acid,  but  it  is  remarkable  that 
neither  dilute  nor  strong  nitric  acid  acts  on  beryllium,  which  seems  to 

ill  Kolution.  The  Holubility  of  the  beryllium  oxide  already  clearly  indicates  its  feeble 
basic  properties,  and,  as  it  were,  separates  this  oxide  from  the  class  of  the  alkaline  earths. 
But  on  arranging  the  oxides  of  the  above-described  metals  of  the  alkaline  earths  accord- 
ing to  their  decreasing  atomic  weights  we  have  the  series 

BaO,       SrO,       CaO,       MgO,       BeO, 

in  which  the  basic  pr»)pertie8  and  solubility  of  the  oxides  consecutively  and  distinctly 
decrease  until  we  reach  a  point  when,  had  we  not  known  of  the  existence  of  the  beryllium 
oxide,  we  should  expect  to  find  in  its  place  an  oxide  insoluble  in  water  and  of  feeble  basic 
properties.  So  also  in  the  series  of  the  metals  of  the  alkalis  the  basicity  of  lithium  oxide 
is  distinctly  more  feeble  than  sodium  and  potassium  oxides,  and  lithium  carbonate  is 
insoluble  in  water. 

Another  clnvracteristic  of  the  salts  of  beryllium  is  that  they  give  a  gelatinous  pre- 
cipitate with  aqueous  anmionia,  which  is  soluble  in  an  excess  of  ammonium  c^ixbonate, 
like  the  precipitate  of  magnesia  ;  in  this  beryllium  oxide  differs  from  the  oxide  of 
aluminium.  Beryllium  oxide  easily  forms  a  carbonate  which  is  insoluble  in  water,  and 
resembles  magnesium  carbonate  in  many  respects.  Beryllium  sulphate  is  distingaisbed 
by  its  considerable  solubility  in  water — thus,  at  the  ordinary  temperature  it  dissolves 
in  an  equal  weight  of  water  ;  it  crystallises  out  from  its  solutions  in  well- former]  crystals, 
which  do  not  change  in  the  air,  and  contain  BeS04,4H20.  When  ignited  it  leaves 
beryllium  oxide,  but  this  oxide,  after  prolonged  ignition,  is  re-dissolved  by  sulphuric  acid, 
whilst  aluminium  sulphate,  after  a  similar  treatment,  leaves  aluminium  oxide,  which  is 
no  longer  soluble  in  acids.  With  a  few  exceptions,  the  salts  of  beryllium  crystallise  with 
great  difficulty,  and  to  a  considerable  extent  resemble  the  salts  of  magnesium ;  thus,  for 
instance,  beryllium  chloride  is  analogous  to  magnesium  chloride.  It  is  volatile  in  an 
anhydrous  state,  and  in  a  hydrated  state  it  decomposes,  with  the  evolution  of  hydro- 
chloric acid. 
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As  in  the  series  of  the  alkali  luetAla  we  saw  the  metals  potassium, 
rubidium,  and  caesium  approaching  near  to  each  other  in  their  proper- 
ties, and  besides  them  two  metaJa  having  smaller  combining  weights — 
namely,  sodium,  and  the  lightest  of  all,  lithium,  which  already  exhibiteil 
certain  particular  characteristic  properties — bo  also  in  the  case  of  the 
metals  uf  the  alkaline  earths  we  find,  besides  calcium,  barium,  and 
strontium,  the  metal  mngiiesiuni  and  also  beryllium  or  glueinmn.  In 
respect  to  the  ma'^iitude  of  its  atomic  weight,  it  occupies  the  same 
position  in  the  series  of  the  metals  of  the  alkaline  earths  as  lithinm  does 
in  the  series  of  the  alkali  metals,  because  the  conibining  weight  of 
beryllium.  Be  or  (ll^'J.  This  combining  weight  is  greater  than  the  com- 
bining weight  of  lithium  (7),  as  the  combining  weight  of  magnesium  (34) 
is  greater  than  that  of  sodium  (23),  or  of  calcium  (40)  is  gi-eater  than 
that  of  potassium  (39),  Sie.^''  Beryllium  was  so  named  because  it  occurs 
iu  the  mineral  bery!.  The  metal  is  also  called  glucinuni  (from  the 
Greek  word  yAum's,  'sweet'),  because  its  salts  have  a  sweet  taste.  It 
occui'S  in  beryl,  aquamarine,  the  emerald,  and  other  minerals,  which 
are  generally  of  a  green  colour,  and  sometimes  occur  in  conaiilerable 
masses,  but  which  are  as  a  rule  comparatively  rare  and,  as  trans- 
parent crystals,  form  pi-ecious  stones.  The  composition  of  beryl,  the 
emerald,  and  smaragd  is  as  follows  :  AliO^SBeO.eSiO,.  The  Siberian 
And  Brazilian  beryls  are  the  best  known.  The  sp.  gr.  of  beryl  is 
about  2'7.  Beryllium  oxide,  from  the  feeblenessof  its  basic  properties), 
presents  &n  analogy  to  aluminium  oxide  in  the  same  degree  as  lithium 
oxide  is  analogous   ti>   magnesium   oxide.^     Owing  to  its  rare  occur- 

>*  We  tefei  lH!r>'lliiiin  to  tlie  tlans  oF  tlie  bivulont  metals  at  the  aikalme  euths— thali 

im,  iro  ucribe  to  its  oxiile  Uie  fonniila  BeO,  and  do  nut  culuit  it  ■■  triTolent  (Be^lS*:). 

p.  SIS),  M  haa  beeu  praptMail  mid  HTgued  by  mui)-.   The  Irae  ntumic  oompoaition  ot  beryl- 

Uun  DCde  vui  Sisb  giTen  by  the  Bawiui  chemiBt,  ATdHen(ISllt),  in  his  reaeuDheB  on  Ihu 

cmnponridl  □(  bliis  metal.     He  compared  the  cnmponndii  of  herjlUnm  to  those  of  mogne- 

dara,  aoA  nt  aside  the  then  reignioK  opinion  o(  tbe  lesembtance  between  the  oiidee  nl 

berylliDliI  and  olnuiiniam,  by  proving  that  beryllium  Botphate  preeenta  a  greater  resem- 

blance  to  magneHJom  Knlphnte  than  to  aluminium  Kulpliale.     It  won  eapeoially  liolicBil 

thai  the  analogues  o(  alumina  give  aluma,  whilab  beryUinm  oxide,  althongb  it  ixa  F«ibl» 

boM,  eaail;  giving,  lilie  magnema,  banio  and  double  laJte,  does  oat  lomi  tnu>  aJuius.    Tin- 

nteblioIuuHnt  of  the  periodtc  ajstem  of  the  elementa  (ISSSII,  which  i>i  conaidHred  in  tb<i 

followliig:  chapter,  immediately  showed  that  Avd^efTs  view  corrBBponded  with  the  troth 

t  berylliom  is  bivalent,  and  therefore  neceaaituted  tha  relnlatinn  nt  thii 

I  <  tii»»le»cy  of  berjUium.     Thia  scientific  controTersy  reunited  in  a  Taat  asrisa  of  r«. 

f  fMHohcR  (ISTO-SO]  couFcrning  tliie  element,  and  ended  in  Nilnon  and  Pultenaoii— twn 

I  «f  th*  chief  advooatea  of  the  trivalenoy  of  beryllium — detoraiining  the  vapour  deoaily 

L.ofBeClg  (=40,  p.  SIS),  which  gave  ODundaubtei)  pioof  of  the  hivalency  ol  berytliuai. 

I  *"  Be^Uium  oxide,  like  olnmininm  oxide,  is  preoipitated  [rum  wlationn  of  it^  miIIh 

lly  ilkaUaaa  a  gelatinous  hydroiide  BeH,0],  wbiuh,  like  alnmino,  ia  mlnble  in  an  eice<i> 

~  CUuUc  potaah  OF  «uda.    Thia  reaction  muy  be  UkeD  advouta^  ol  For  diatioguisliinu 

A  separiiting  betyllinm  from  ulamisium.  becouae  when  tlie  alkaline  «olDCiun  in  dilated 

r  with  vtatei  and  boiled  b»irtn«ju  hydroxide  is  precipitated,  whilst  Uie  altunioa  nguioina 

'  KB 
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rence  in  nature,  to  the  absence  of  any  especially  distinct  individual 
properties,  and  to  the  possibility  of  foretelling  them  to  a  certain 
extent  on  the  basis  of  the  periodic  system  of  the  elements  given  in 
the  following  cliapter,  and  owing  to  the  brevity  of  this  treatise,  we 
will  not  linger  long  over  the  compounds  of  beryllium,  and  will  only 
observe  tliat  the  individuality  of  the  compounds  of  beryllium  was 
pointed  out  in  1798  by  Vauquelin,  and  that  metallic  beryllium  was 
obtained  by  Wohler  and  Bussy.  Wohler  obtained  metallic  heryUium 
(like  magnesium)  by  acting  on  beryllium  chloride,  BeCl2,  with  potassium. 
Metallic  beryllium  has  a  sp.  gr.  1*64  (Nillson  and  Pettersson).  It  is 
very  infusible,  melting  at  nearly  the  same  tempei*ature  as  silver,  which 
it  resembles  in  it«  white  colour  and  lustre.  It  is  characterised  by  the 
fact  that  it  is  very  difficultly  oxidised,  and  even  in  the  oxidising  flame 
of  a  blow-pipe  is  only  superficially  covered  by  a  coating  of  oxide ;  it 
does  not  burn  in  pure  oxygen,  does  not  decompose  water  at  the 
oixlinary  temperature  or  at  a  red  heat,  but  gaseous  hydrochloric  acid 
is  decomposed  by  it  when  slightly  heated,  with  evolution  of  hydrogen 
and  development  of  a  considerable  amount  of  heat.  Even  dilute 
hydrochloric  acid  acts  in  the  same  manner  at  the  ordinary  temperature. 
Beryllium  also  acts  easily  on  sulphuric  acid,  but  it  is  remarkable  that 
neither  dilute  nor  strong  nitric  acid  acts  on  beryllium,  which  seems  to 

ill  Holution.  The  Holubility  of  the  beryllimii  oxide  already  clearly  indicates  its  feeble 
basic  properties,  and,  as  it  were,  separates  this  oxide  from  the  class  of  the  alkaline  earths. 
Bnt  on  arranging  the  oxides  of  the  above-described  metals  of  the  alkaline  earths  accord- 
ing to  their  decreasing  atomic  weights  we  have  the  series 

BaO,       SrO,      CaO,      MgO,      BeO, 

in  which  the  basic  properties  and  solubility  of  the  oxides  consecutively  and  distinctly 
decrease  until  we  reach  a  point  when,  had  we  not  known  of  the  existence  of  the  beryllium 
oxide,  we  should  expect  to  find  in  its  place  an  oxide  insoluble  in  water  and  of  feeble  basic 
properties.  So  also  in  the  series  of  the  metals  of  the  alkalis  the  basicity  of  lithium  oxide 
is  distinctly  more  feeble  than  sodium  and  potassiiun  oxides,  and  lithium  carbonate  is 
insoluble  in  water. 

Another  characteristic  of  the  salts  of  beryllium  is  that  they  give  a  gelatinous  pre- 
cipitate with  aqueous  ammonia,  which  is  soluble  in  an  excess  of  ammonium  carbonate, 
like  the  precipitate  of  magnesia ;  in  this  beryllium  oxide  differs  from  the  oxide  of 
aluminium.  Beryllium  oxide  easily  forms  a  carbonate  which  is  insoluble  in  water,  and 
resembles  magnesium  carbonate  in  many  respects.  Beryllium  sulphate  is  distinguished 
by  its  considerable  solubility  in  water — thus,  at  the  ordinary  temperature  it  dissolves 
in  an  equal  weight  of  water  ;  it  crystallises  out  from  its  solutions  in  well- formed  crystals, 
which  do  not  change  in  the  air,  and  contain  BeS04,4H20.  When  ignited  it  leaves 
beryllium  oxide,  but  this  oxide,  after  prolonged  ignition,  is  re-dissolved  by  sulphuric  acid, 
whilst  aluminium  sulphate,  after  a  similar  treatment,  leaves  aluminium  oxide,  which  is 
no  longer  soluble  in  acids.  With  a  few  exceptions,  the  salts  of  beryllium  crystallise  with 
great  difficulty,  and  to  a  considerable  extent  resemble  the  salts  of  magnesium  ;  thus,  for 
instance,  beryllium  chloride  is  analogous  to  magnesium  chloride.  It  is  volatile  in  an 
anhydrous  state,  and  in  a  hydrated  state  it  decomposes,  with  the  evolution  of  hydro- 
chloric acid. 
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resist  oxidising  agents  with  particular  ease.  Potassium  hydroxide  acts 
on  beryllium  as  on  aluminium,  hydrogen  being  disengaged  and  the 
metal  dissolved,  but  ammonia  has  no  action  on  it.  These  properties  of 
metallic  beryllium  seem  to  isolate  it  from  the  series  of  the  other  metals 
described  in  this  chapter,  but  if  we  compare  the  properties  of  calcium, 
magnesium,  and  beryllium  we  shall  see  that  magnesium  occupies  an 
intermediate  position  between  the  other  two.  Whilst  calcium  decom- 
poses water  with  great  ease,  magnesium  does  so  with  difficulty,  and 
beryllium  not  at  all.  The  peculiarities  of  beryllium  among  the  metals 
of  the  alkaline  earths  recalls  the  fact  that  in  the  series  of  the  halogens 
we  saw  that  fluorine  differed  from  the  other  halogens  in  many  of  its 
properties  and  has  the  smallest  atomic  weight.  Just  the  same  is  the 
case  with  beryllium  among  the  other  metals  of  the  alkaline  earths. 


END   OF   THE   FIRST   VOLUUB 


HIIINTM*    BT 
8POTTWWCHIDK    AND    fO.,    NKW-4ilTRKKT   mjlTiUlB 

I»MM>N 


^ 

t 


• 


